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FOREWORD

The work on fragment drag coefficients contained in this report is part of a continuing effort for the
Department of Defense Explosives Safety Board (DDESB). In addition to testing, the Naval Surface Warfare
Center (NSWC) is tasked with establishing analytical techniques for predicting the hazards from fragments
produced by the inadvertent detonation of ordnance stacks.

All tests and data reduction for this report were directed by the auithor while an employee of NSWC. This
documentation was done by the author while an employee of Kilkeary, Scott and Associates, Inc.

The wind tunnel tests and data reduction were conducted by the Aerodynamics Research and Concepts
Assistance Branch, Research Directorate, U.S. Army Chemical Research, Development and Engineering
Center, Aberdeen Proving Ground, Maryland. The author acknowledges the following personnel of the
Aerodynamics Research and Concepts Assistance Branch: Miles C. Miller; Richard R. Raup; Owen C. Smith,
Jr.; and Daniel J. Weber. Deborah Rollins and Rose Baker of NSWC performed the fragment presentid area
measurements. Rose Baker made the linear measurements of the fragments and made all ntuessary
calculations and graphical plots. Stephen F. McCieskey derived the equations for maximum presented area
and the variance of the presented areas for a given fragment modeled as a rectangular parallelepiped.

This report has been reviewed by W. H. Bohli, Head, Explosion Dynamics Branch.

Approved by:

-7.- ?-I
K. F. MUELLER, Head
Energetic Materials Division
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INTRODUCTION

The Naval Surface Warfare Center (NSWC) has a continuing task from the Department of Defense
Explosives Safety Board (DDESB) to establish methods for predicting the fragment hazards due to the
inadvertent explosion of ordnance items. As part of this task, NSWC has established a computer model, 1

which predicts fragment hazards for specified targets.

The computer model calculates individual trajectories for each fragment recovered in small-scale
fragmentation arena tests. The following variables affect the flight dynamics of a fragment which is modeled
as a point mass: gravity, velocity, area to mass ratio, air density, wind speed, and drag coefficient.

Except for the drag coefficient, all of these variables can be established with t fair degree of accuracy by
tests, measurements and calculations. The drag coefficient for any fragment is a fuietion of shape only. For
regular fragments, like spheres and cubes, the drag coefficients are reasonably well-defined. For irregular
fragments, like those from bombs or concrete walls, no two fragments have exactly the same shape. As a
result, no two irregular fragment- have exactly the same drag coefficient. Additionally, drag coefficient is a
function of Mach number.

The uncertainty of drag coefficients for irregular fragments produces an associated uncertainty in far-
field impact range. Figure 1 shows range versus low subsonic drag coefficient (CD) for a typical fragment
trajectory. The initial elevation angle, average presented area to mass ratio, and initial velocity are shown in
Figure 1. The range of low subsonic CD varies from 0.5 to 1.5, a factor of three. The associated ranges vary by
a factor of more than two. This represents a lerge range of uncertainty in the trajectory calculations for
establishing fragment hazards for use in quantity-distance determinations. If this uncertainty is to be
reduced, some correlation must be established between drag coefficient (CD) and the characteristics of
irregular fragments.
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FIGURE 1. CD--RANGE SENSITIVITY
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Since CD is a function of shape only, any correlating parameter must be dimensionless; i.e., geometrically
similar fragments that have the same drag coefficient should have the same value for the correlating
parameter. For example, the ratio of maximum to minimum presented area might be used as a measure of
shape. This ratio would be dimensionless. For a sphere, this ratio would always be one no matter what the
size or material of the sphere. For a cube, this ratio would always be 1.732.

The impetus for this program was provided by an observation of the data contained in one of the first
systematic reports on drag coefficients for irregular fragments.2 Three regular fragments were studied In the
report; i.e., a sphere, a cube, and a bar. The bar length, width, and thickness were in the ratio of 5:1:1. Since
these fragments were regular, exact ratios of maximum to minimum presented area could be calculated. The
results, at a Mach number of about 0.75, were as follows:

_.... Sphere Cube Bar

CD(AVG) 0.60 0.88 1.12

AMAX/AMIN 1.00 1.73 7.14

Note that as the correlation ratio increases so does the CD. The report also shows that the average CD for
irregular fragments was greater than those for the sphere or cb-). For most irregular fragments, the area
ratio could be expected to be on the order of that for the bar. E er, 'hing seemed to support the idea that the
CD for irregular fragments could be correlated with dimensionless parameters.

DRAG COEFFICIENT PROGRAM

FRAGMENT SELECTION

Ninety-six fragments were selected to provide a wide range of shapes to ensure a good statistical sample.
In all cases, the fragments were made of steel. Photographs of each fragment are contained in Appendix B.
The fragments were recovered from the detonation of the following ordnance items:

1. 155mm M107 projectile
2. 76mm Mk 165 projectile
3. Mk 84 low drag bomb
4. Mk 82 low drag bomb

The matchup between ordnance item and fragment is given in Table A-2 of Appendix A under the
heading SOURCE.

FRAGMENT MEASUI.EMENTS

Five different kinds of measurements were made for each fragment:

1. Linear maximum length (L), width MW), and thickness (T),

2
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2. Linear averap L, W, and T,
3. Perimeters in the three coordinate planes,
4. Presented areas:

a. maximum
b. average
c. minimum
d. varianes
e. standard deviation

5. Moment of inertia (three axes)

Linear dimensions were measured as shown in Figure 2. Note that in measuring average dimensions, the
average thickness is calculated to produce an equivalent weight and volume rectangular parallelepiped.
Maximum and average dimensions for all fragments are contained in Table A-2 of Appendix A. The
coavention for L, W, and T is as follows:

L>WkT

MAXIMA AVERAGES

TjIW V

FOR EOUIVALRNT WEIGHT AND0 VOLUME

WT
TAVO = -VV -WAv- -P

WT = FRAG WEIGHT (I6)

LAVG = AVERAGE LENGTH (in.)

WAVY = AVERAGE WIDTH (in.)

p = FRAG DENSITY (lb/im.3)

p = 028 (STEEL)

FIGURE 2. FRAGMENT LINEAR DIMENSIONS

Periheters were measured in three planes as shown in Figure 3. Note that the perimeters do not follow
the jagpd contour of the fragment. In fact, the measurements were made by stretching a string around the
fragment in oach of the three mutually p',rpendicular planes. The perimeter measurements for all fragments
are shown m Table A-2 of Appendix A.

3
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FIGURE 3. PERIMETER MEASUREMENTS

Fragment presented areas weoe measured in two ways. First, measurements were made using an
Icosahedron Gags and second, calculations were performed using equivalent weight and volume rectangular
parallelepipeds. The parallelepipeds were constructed using the average linear dimensions discussed above.
Figures 4 and 5 show the essetials of these measurements and calculations. The Icosahedron, Gge Is an
electro-optical device which throws a shadow of a fragment onto a sensing surface. The associated etectronics
produce a readout of presented area. The optical axis Is positioned at 16 approximately equally spaced
aspects so us to produce 16 distinct presented areas. The Icosahedron GOge cannot mount a fragment
weigbing more than 1500 grains. For larger. fragments. presnted area statistics were calculated using
rectangular parallelepipeds as shown in Figure 5. The laosahedron Gage presented areas for the first 84
fragments are given in Table A-1 of Appendix A. The minimum, maximum, average, standard deviation, and
variance of the presented areas, calculated from the rectangular parallelepipeds, are given in Table A-3 of
Appendix A.

The weight moment. of inertia3l for rectangular parallelepipeds are as follows:

M(L 2+W')
12

M(L 2+T5)
1W 12

M(W+T')
L 12

4
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where

IT--moment of inertia about T axis

lw-moment of inertia about W axis

IL-moment of inertia about L axis

M--weight of fragment (grains)

L-average length (in.)

W--average width (in.)

T-average thickness (in.)

The weight moments of inertia are given in Table A-? of Appendix A.

VERTICAL WIND TUNNEL

The vertical wind tunnel used for this program is located at the U.S. Army Chemical Research,
Development and Engineering Center in Aberdeen, Maryland. The Aerodynamics Research and Concepts
Assistance Branch of the Research Directorate operates the vertical wind tunnel.

The essential aspects of the vertical wind tunnel are shown In Figure 6. In operation, a fragment is
placed on the fragment support screen in either the upper or lower test section depending on the air velocity
necessary to raise the fragment. The air speed in controlled by opening or closing the inlet vanes of the
constant speed fan. The air speed is adjusted until the fragment rises from the screen and assumes relatively
stable vertical equilibrium. At this time, the air stream velocity Is read directly from the velocity calibrated
manometer. Air density is calculated from the ambient pressure and temperature. Ambient conditions are
acceptable because of the relatively low air velocities produced in the tunnel. These parameters together
with the weight and average presented area of the fragment are then used to calculate the low subsonic drag
coefficient (CD).

Each fragment was tested in the vertical wind tunnel. The velocity of the air stream was increased until
the fragment hovers at a near constant vertical height. In this vertical equilibrium position, the drag and
gravity forces will be equal. From the wind tunnel, the velocity of the air stream is established. Air density
(p) Is established from ambient pressure and temperature. The average presented area (A) of the fragment is
obtained from measurements discussed above. As shown in Figure 7, once we know these values, we can
calculate CD. Since we operate at a single air velocity for each fragment, we can only obtain a single point on
the drag curve. This point is In the low subsonic region, roughly about a Mach number of 0.1. The remainder
of the drag curve must be inferred from other sources.

RESULTS

The test record for each fragment is contained in Appendix C. Each record gives three views of the
fragment. These views in conjunction with the photographs of Appendix B give a good indication of fragntent
shape. The L, W, and T axes are shown. Remember that the convention for L, W, and T Is:

6
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The calculated] CD is shown on the test records along with the values of the variables necessary for the
calculat-ion. Remarks for each test are given that include the motion of the fragment in the vertical wind
tunnel.

Tables A-4, A-5, A-6, and A-7 of Appendix A list all the dimensionless ratios considered for correlation
with the low subsonic CD. Ratios containing the minimum presented area were not used because of the errors
inherent in the Icosahedron Gage. This is explained in the notes on Table A-3 at the beginning of Appendix
A. Correlations were attempted using the dimensionless ratios singly and in pairs. When considering pairs
of dimensionless ratios, the object was to draw lines of constant value for the second ratio within the
uncertainty obtained with the first ratio and thus refine the correlations. In all cases, the lines of constant
value plotted vertically and yielded no additional information. The second ratios were always dependent on
the first ratios. When all plots were completed, the best correlation was obtained with the ratio of maximum
to average presented area (Amax/Aavg). The correlation plot is shown in Figure 8.

Figure 8 shows the plotted points for the 96 fragments and the maximum and minimum boundary lines
and their equations. The three fragments used as a baseline (sphere, cube, and bar) are identified. The value
for Aax/Aavg is an average of the values obtained using the icosahedron gage and the equivalent rectangular
parallelepipeds. The total range Of CD uncertainty for all irregular fragments is about 1.0; i.e., from 0.5 to
1.5. The range of uncertainty at an average Amai,/Aavg of about 1.5 is approximately 0.6. On average then, it
can be said that the correlation reduces CD uncertainty by about 40 percent. In order to reduce range
uncertainty to about ± 10 percent, it would be necessary to reduce the CD uncertainty by about 75 percent.

The three regular fragments (sphere, cube, and bar) tested by Dunn and Porter2 gave CD values in the
high subsoniic region at Mach numbers of approximately 0.75. In the vertical wind tunnels tests, the Mach
numbers were nearer 0,1. CD values for the three baseline fragments are compared at the two Mach number
levels in Table 1.

TABLE 1. COMPARISON OF BASELINE FRAGMENTS

CD CD (A VG)
Wind Tunnel Dunn and Porter

(M- 0.1) (M- 0.75) Delta

Sphere 0.42 0.60 + 0.18

Cube 0.64 0.88 + 0.24

1Bar 0.94 1.12 + 0.18

As seen in Table 1, CD at Mach 0.75 is about 0.2 higher then CD at Mach 0.1 for all three fragments.
Owing to the consistency in the rise Of CD from Mach 0.1 to 0.75 for the three regular fragments, it seems
reasonable at this time to accept the same rise in CD for irregular fragments. In this way, the shape of the
subsonic drag curve for irregular fragments is established. This is important because range is more sensitive
to changes in subsonic CD than to similar changes in supersonic CD. This is demonstrated in Figure 9 where
velocity is plotted against range ratio for a typical farfield fragment trajectory. The range ratio is the fraction
of the total trajectory range traversed. From Figure 9 it can be seen that only 25 percent of the trajectory is
supersonic while 75 percent is subsonic. The next point to consider is fragment motion in the wind tunnel.

8
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Each test record in Appendix C describes fragment motion in the vertical wind tunnel at near vertical
equilibrium. In a further attempt at correlation, the 96 motions were divided into eight categories of typical
motion. The eight categories and their associated fragments are shown in Figures D- 1 through D-8 of
Appendix D. No systematic correlation was discovered. One surprise, however, was observed. Only about
one-third of the fragments tumbled randomly in the wind tunnel. This is contrary to the traditional
assumption that all irregular fragments tumble randomly in flight. It was because of this assumption that
CD for each fragment was calculated using -he average presented area. Had a larger presented area (A) been
used for fragments which exhibited a motion such as flat rotation, then a smnaller CD would have been
calculated. Similarly, a smaller presented area (A) would have produced a larger CD. In practice, it is only
necessary that the CD 0 A product be the same for the test and the trakjectory 'talculation. Again, this
knowledge did not yield any systematic correlation. It must also be borne in mind that the motion of a
fragment at low subsonic velcecities may differ from the motion of supersonic velocities because of such factors
as shock waves.

USING THE LOW SUBSONIC DRAG COEFFICIENT TO CALCULATE FRAGMENT
TRAJECTORIES

The low subsonic drag coefficient obtained from the vertical wind tunnel tests is only one point on the
drag curve. To draw an entire drag curve, points must be inferred from other sources. The reurrent state of
knowledge about drag coefficients for irregular fragments does not warrant a complex curve. A series of
straight line approximations is sufficient at this time. Using data from previous drag reports,2 .4 transonic
and supersonic pivot points can be approximated. From the RESULTS section, we have shown a 0.2 rise in
CD from Mach 0.1 to 0.75. Table 2 shows the points necessary to define straight line approximations to the
drag curve for any fragment.

TABLE 2. APPROXIMATION OF STRAIGHT
LINE POINTS

Point Mach
Point Name No. C
DI Anchor 0.10 D1

D2 Pivot #1 0.75 DI + 0.20

D3 Pivot #2 1.50 DI + 0.65

D4 IPivot #3 2.50 DI + 0.50

The points and straight line approximations are shown in Figure 10. Note that above Mach 2.5, CD is
considered constant. The anchor point is taken from Figure 8 for a particular Amal/Aavg at Mach 0.10. Once
the anchor point is determined then all the straight line approximations are defined. This results in the
straight line approximations for all fragments being parallel to one another. Although exact parallelism
would , --?rdly be the case in all instances, there are grounds for the assumption. The Dunn and Porter report2

shows that the drag curve for spheres is essenktially parallel to the drag curve for long rectangular
parallelepipeds and shell. fragments. The drag curve for cubes and cylinders (LID = 1) is parallel to the
previous two except for a small discrepancy in the transonic region.

The anchor point may be selected in a variety of ways. For a particular fragment with a given Am&zIAavg,
the anchor point may be selected anywhere within the uncertainty defined by the upper and lower boundary
lines of Figure 8. The anchor point could be an average, a maximum, a minimum, or an intermediate value.
It could also be chosen by random selection within the boundary lines.

10
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FIGURE 10. STRAIGHT LINE APPROX!MATION TO FRAGMENT CD CURVES

The following equations for air density and Mach number may be of help in using fragment drag
coefficients.

where p = 0.0765 e 3390D

p = air density (lb/ft3)
A = altitude (+) above sea level and (-) below sea level (ft)

VF

where

M = Mach number
VF = velocity of fragment
VS= velocity of sound

-(A)

r V= 1116.4 e
where S

VS = velocity of sound (f/sec)
A = altitude (+) above sea level and (-) below sea level (ft)

11
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FUTURE CONSIDERATIONS

Significant problems remain unresolved. For an acceptable range uncertainty of about ± 10 percent, it
will be neceissary to reduce CI) uncertainty by about 75 percent. The work to date hs~s only reduced the CD)
uncertainty by about 40 percent. This additional reduction in CD uncertainty might be accomplished in a
variety of ways. More efficient correlation parameters might be established. The t pical motion of the
fragments in the vertical wind tunnel (Figures D-l through D-8 of Appendix D) might be used as an added
correlation providled the motion could be predicted based on the physical characteristics of irregular
fragments. Possibly, the use of presented areas other than the average might be used in calculating CD.

Another unresolved problem involves the shape of the transonic and supersonic portions of the drag
curve. It would be a help if a practical method for testing irregular fragments could be established for a
supersonic wind tunnel. Possibly, som~e sort of gimbal device could be designed which would allow the
fragment to move freely and, at the same time, continually measure drag force. Such a device might be
calibrated by using spheres or cubes for which drag curves are fairly well known.
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TABLES OF FRAGMENT CHARACTERISTICS
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These tables contain timensional characteristics for all 96 fragments. Additionally, they contain the
dimensionless ratios used for correlation with the drag coefficients calculated from vertical wind tunnel tests.
The following comments are made to the seven tables:

Table A-1 - This table contains the 16 presented areas measured by the Icosahedron Gage for the first 84
fragments. The last 12 fragments were too heavy to mount on the gage. The presented areas have been
sorted and listed in ascending c.der for each fragment.

Table A-2 - The weapon from which each fragment was taken is listed under SOURCE. Maximum and
average length, width, and thickness are listed after the fragment weight in grains. The linear dimensions
are described in Figure 2 of the DRAG COEFFICIENT PROGRAM Section. Perimeter as described in Fig-
ure 3 is listed next. Finally, the drag coefficient (CD) obtained from tests in the vertical wind tunnel is listed.

Table A-3 - The minimum, maximum, and average presented areas are listed for each fragment. The
standard deviation and variance of the presented areas are given next. Under 'ach of the 1ive headings,
values are given based on Icosahedron Gage (ICOS) measurements, and calculations (CALC) based on equal
weight and volume parallelepipeds as described in Figure 5 of the DRAG COEFFICIENT PROGRAM
Section. Note the large differences in the ICOS and CALC values for minimum prasented area. This is due to
the inherent limitations of the Icosahedron Gage caused by its preset mechanical stops. In all cases, the
minimum CALC values are more near the truth. The CALC value for fragment number 1, the bar fragment,
is very accurate while the ICOS value is almost three times as big.

Table A-4 - Fragments are renumbered in accordance with ascending CD. This is done to provide a quick
picture of correlation. The OLD fragment number is the number assigned in Tables A-1 through A-3 and in
Appendixes B, C, and D. Three dimensionless area ratios are given and values are given for both Icosahedron
Gage measurements and paralleleDiped calculations.

Table A-5 - Again, fragment drag coefficients (CD) are listed in ascending order. All dimensionless ratio
headings are explained at the end of the table.

Table A-6 - Here dimensionless perimeter ratios are given. Headings are explained at the bottom of the table.

Table A-7 - Weight moments of inertia and their associated dimensionles 3 ratios are given. Weight moments
of inertia are explained in the FRAGMENT MEASUREMENTS Subsection of the DRAG COEFFICIENT
PROGRAM Section.

A-3
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TABLE A-1. PRESENTED AREA (SQ. IN.)
(lCOSAHEDRON GAGE)

in. 1 2 :3 5 6 7 1 9 IlN 1t 12 1;3 14 15 16
1 0.198 0,212 IL 274 L 284 1.311 1.323 L 323 L.326 L341 L357 L 367 1.397 LiI6 LiI 01s L L AM
2 8.78 •65 0. 71 M.9 L LM M7 78 LT 0785 LM.7 LT 0M L ,1 M0I .783 L785 L M LIM5 L,7M
;3 1.638 4. 687 L815 L M80. 1827 L.854 L888 LOW5 LOS5 LOW5 L,9211 1. SU L944 L95 L,976 L983
4 1.192 1.229 L 2,36 L 242 6.278 L,288 L 233 1.296 L386 L.1 W ,Ull L38 83 5 L339 L ,5 = M L31;5
5 1.171 021 2d .L245 L 271 9.291 L.23l L.359 1.373 L, 353 L40 L418 L443 0.452 L.492 1.5,36 L,376
6; 4.157 0.Z1 IS L.28 L 247 8.347 0. "'586 0.270 0.276 UM3!4 L 311 L 339 0.361 L.361 1.376 L.376 LAU1
7 L' 197 1.29S L 237 L.2413 1.249 L 236 L 258 11.291 L3189 L.312 L :327 0.M1 L373 L 388 .9 5 UM 1412
a 1.1L83 V.M1 L 247 L 271 11.274 1.291 0.335 0.,368 031;7 L.494 UZ6 8.473 L.475 L.526 L551 L.581
9 8. ILI 1.1% L 263 L.0 M .307 0.315 L,327 1.4 31 L3:37 LAM0 L 481 1.481 L.435 L 476 L.476 &LA6

to 1,2:91 1.20 L,262 L 271 8.328 L.3418 L.367 0.391 1.438 L.445 L.5711 057'3 0L590 L505 L 622 LIN
Il 1 0.221 0.217 L 257 L 26;7 0.275 L.288 L 292 L.316; L.3 W ,MM8 LAO L460J7 L413 L.416 LAU3 LAS

:2 0.214 1.222 L.: 226 L246 9.256 0.7 .7 120 03 .5 . 85 .38 L443 L.455 L.8 A L518

13• 0.26 1,2:31 L 2:39 L 241 1.20' L 261 L 2698 1.269 L.20 L.2961 L M8 1.318 L.328 L.349 L.333 L =
14 1.191 8.266 L 278 L 278 L.291 L,298 L.383 L.339 L,347 L.: M .L 06,374 L.40 L 0442. L 45 LAS5
15 1.222 9.237 L266 L 276 L311 L M L 325 UM33 L337 L.349 L 0938 L396 LAW0 L425 L4462 L,45

17 1.210 1.239 L 295 L :327 0.331 1.337 0L337 0.349 L M L.4L1 43 2 LA 44• L.467 L,496 L,516 L M•5
IS 8,247 1.25'7 IL2%A 1,311 9.:313 1.316 0.374 1.4111 Li 404 421 L4623 L &23 L.44 L433 1.475 L521
19 0.21:3 0.225 & 252 L1,255 S1.257 9.:388 8.3310 iL.US L348 L 372 L.414 L4643 L.473 LAI77 L408 L517
29 1. 4^23 8.256 L3436 L365 L.377 L.399 L424 $.436 L 443 L.487 LM59 L519 L.522 L=52 L344 L.617
21 0L281 1.296 L. 318 L 313 0.382 0.391 LA16 1.421 L 462 L.481 L.612 L6139 L.641 L.649 L.668 LT44
22 L.281 8.330 L3938 LA0 .41 1 91 .434 L 318 0.538 L.577 L.622 L.632 L.641 L.676 LIM1 L.784 L 85

23 0.212 8.• 3M 341 L 373 L.• a•2 0437 11.451 L49 L.411 LdA8 L5118 L,518 L591 LS55 0I1613
24 9.265 1.275 L,275 L 290 GM LAU1 L.498 11.441 L 44k L464 L393 L613 L618 L60$3 0L64 1 43
2 L -,60 L.262 LAU L 0499 1. 429 L431 1.458 0.58 L0.5 L519 L6112 L.637 0C6710. LIM 8 LIM St
26 L.294 . M L •387 L 441 0.455 L.471 0.495 L,51M 0.53 L610 L.613 L.615 L6134 LI7N 0.7d IL 64
,.7 8.:339 1.:333 L 424 L 446 1.47:3 0.513 L513 4.A2 l. .4 .7 .18 &4 .5 T 45

2 0.3,3 L 364 L,421 L 445 0.473 6.477 L48 0, 8 .53 L536 L32 L55 614 L. 644 Li 66 L9 L73
29 1.351 L.361 IL39l 0.1 7 LA 1.437 11.468 L52:3 L.538 L.562 UM9 L.582 L.572 L616 L631D L6171 0,Se
39 C.295 11.3 .3 • 29 L.3 348 L42 LA 0.-45 L5 , 531 L537 LM45 0L579 L.8 L1.61 L633 L663 L.IM
:31 2.344 8.379 L :393 LAW1 0.411 L.418 L 423 L,441J L477 IL4% L.21 Wl 531 L0, 6 Ls3 0,561 L.571
32 8.289 L 487 L 511 L531 0.5,36 L54•6 L.591 21 L620 Lr 6.179 L699 C 699 L0731 L SO L M L10,12
:3:3 1.360 L :365 L0B41 L 4.39 9. 35 0L458 L.458 L 471 L 478 L.478 L0 SON L511 L547 L 576 L591 0,536

4 1.:313 1.491 L 496 0526 9.5,% L563 LS W 1.387 L$5% L 689 L.611 L8.67 L,732 L7464 LL32 L1462
3 0.:312 0.:322 LiIB1 L 489 11.499 L.598 0L688 L 627 L.716; L 765 L.825 L0. 4 LIM0 L.5 0.98L 7 1.147
36 0.361 8.:391 0.-33M L464 8.518 L.545 L 582 8.592 L 599 L.631 L6177 L61;7 L 758 LIM Lo 0 L09 1658
:37 9.300 2.432 0L444 L 447 1.52:3 1. 572 L 599 L.599 L 621 L.643 L667;. LM INS 743 L.748 L9012 L 853
38 8.349 2.349 L,371 L 425 0.459 L581 L.511, L50 L 0569 L3%54 0LG3 L653 L6171 L.;q 692 ! LnI 71
:39 L•418 8.467 L.4" L 0494 LW6 8.387 L 665 L683 L 134 L.1 0M822 L6 WA L916 L37 0,g2 1.845
AN08.277 0.525 L3464 L544 L.369 81.371 1,371 1.6359 L,689 L6191 L69;4 L.694 LN1 0L745 LIM1 LT t
41 L 484 2.499 L511 L5,31 0.543 LUG8 1,553 8.573 L 581 0582 L359 L.631 L6r6 6136 L66;3 L 695
42 1.422 9. 47 r.L496 L 581 8.6111 L1639 L 6,14 0. M LS L6 0659J 0608 1,7M L.5 06 LIM 7 LM LOS
43 1. 5M3 8.731 L.7611 L 781 1. 808 L 92S 0.977 1.107 1. M1 .1%l g 1.125 1.125 1.1%4 1.293 1.312 1. AM
44, 8.391 ii. Ad L 316 L.516 8.50J 1.348 L 543 80.50 L,578 Un7 0577 L 534 L.599 L614 L6124 L60I
45 8.405 6.429 L1481 L 488 1.522 9.35• 8.576 0.591 L 591 0L618 L6135 61;3 L6;87 LI710 0721 L7I
46 1.406 8.452 L ASS L 492 1.543 L.543 1.505 8.651 L671; L.680 L 722 1. 7:26 LM LOW 0.80 1 Lem2
47 0.467 0.An 3536 L 54:3 QM• L388 L614 1.617 L 622 8•.634 L 1;75 L713 L.733 L739 0.?J5 L M2
Ae 0.:398 6.425 L 477 L ASS851.518 L.531 1.594 1.653 L,712 L 722 L8112 Lou3 L853 L.0 M L91? L 974
49 8.:370 1.438 L472 059 0.512 L.S L,551 L,591 L. 64 L65.9 L. 7 ,77 LIS 781 L,1 INA 6 L K 85LI
3 1.427 8.449 0L518 L 57 L.581 0L589 L.591 1.394 L.633 II6W. L71M L.719 L,763 .797 L.5 M L831
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TABLE A-i. PRESENTED AREA (SQ. IN.)
(ICOSAHEDRON GAGE) (Continued)

1 2 3 4 5 6 7 1 2 is 11 12 13 14 15 16
L1M 6.427 L566 L61 3.737 L5.737 1325 LIS LM33 L33 L15 L92 131 3.3 15I
L346, LAM L42 155 .SM L625 L662 L6 W L82 LM5 LM 3.35 1.33 1.3 1.172 ,T 1.2
LS%3 L54A L%7 L715 L725 L72 7 LM L73 LT77 LM73 LW L8314 d&M LID LM LM31
L3 3131 LM31 L61 L13 L663 L747 L31 L9%31 1.IM 1.231 1.6 1.364 1.43 IM5K 11O
L45 L476 L633 L.673 3LiM L742 3.L5 M 121 13 LIM LIM LM 1.013 1. 1.7 1.132 1.21
L33 L644 L681 1713 L773 M .3L2 LW2 L21 LIM 1.3 3.06 1.|1 1.16 I.a6 1,1 1U3S U
L438 L 4 LSM & M .16 L613 174 L? 3 LIM LT77 1 L INL M1| L55 LOU LIM LIM5
L259 L61 L619 L713 1723 M L.7 L77 L913 L910 1115 1.3 1 1.63 1.MrM 1.132 .1 1.3M
L.A 1516 L55 L5 IM L 6 M 17 LIS LIS LM 11.212 1. . 1.31 1.313 1.M
LAM 1SI L59 1614 L.674 LMU 163n372 LIS 3.76 L2 L LM L3 L .L1S Li.3 LM
1525 153 &.6%1 1732 L.742 16021 L S L9d LM.6 .LOW 1.30 1.35 1.3% 1.43 1.O 5 1.31L
1U31 155 1732 134 LIM Lfl L36 LI LM L 1M LI L LM3 LIN L113 LMl1 LIU LIN
133 1L47 L713 L713 L1M3 L2 O1337 LIS LI LINS 1.31 1.n1 1.24 1.33 1.35 1.3L
L517 3.63 3.6 16ra 173 L16 LI3 1.1 1.1M L.2M M 1.4,3L L. 1.617 1.739 .LM 1.12
146t 1406 L613 &6U L677 L167 L77 W.75 175 131 131 131 131 1.31 1.27 1.131
153I L M &5 15WL624 L733 7 7 13 1. L 1.1 1.31L 1.113 1.117 L=
062 1 W WS55 L73 3. 1634 L3 0.LL9 L 1M 1.10 1. 1.214 1.6 IM L461
.55 LM L.619 112 3.66 ,733.6N7 L311 155 .IM LID 1.,LI 1.M1 1.L I 1.113 1.17
L.5 15 &37 LIN 17. L71 13 37 13 19 1.31 1 1.8131 1M 1 0I 1.2 1.147 L0
LM43 157 L.1 161 L.73 L70 175 L77 173 LM6 L314 LM L373 LM3 L.3 3.12
15K L56 172 LM L 1 91S 9L3 1.71 1.3"75 1.315 1.35 1.44 1.464 1.73 1.116 LM11

L614 L663 1673 L712 3.L3S .13 1.113 1.37 1.339 1.363 1.= 1.31 1.73 1.321 M n 2.63
1523 L671 173 1713 L.723 L 1122 1.n 1.331 1.31 1.341 1.351 1.433 I-AS 1.43 1.611

L635 1671 L7 L715 L.12 1912 1351 .IM 1.M3 13M 1.31 1.IM 1.232 1.272 1.33 1.431
L538 1611 LIS LI 1373 16 1.83 1.651 1.13 1.1N 1.327 1.3U1 1.3L1 1.411 1.411 1.L6
1447 .169 L.7IN L73 M .73 M 1W 1631 1.391 1.217 1.232 1.241 1.4- 1.577 1.M LM 2
L.482 3.571 137 L 191 16 1.33I 1.61 1.1 1.13W 1Z L2 1.291 1.31 1, 1.M 1.76 1.16M

3O5L9 116 1177 1.IN 15 1.1 1.234 1.234 1.3U 1.333 1.:2 1.3 1.3 LM53M7 L74 1.1M
L.682 L176 1 31 W L3 1.117 1.15 L1I. 1.11.2I1 1.61 lIM 1.712 1.73 UM 2.67
1L674 1694 LI5 1971 1.119 1.13 1.237 1.227 3.267 1.35 1.415 1.44 1.43 1.30 1.30 1.1ft
L.M 13LM1.3,6 1.375 1.13 1.13 1.125 1.154 1.176 IM 1.3 L 31.2 1.371 I. 1.6 U1.
3.632 17L M 113 L12 13272 137 01 1.6 1.31 191IL 1.15 1.31 1.215 1.463 1.UM LM
.1W fl.I 619 L I5 3.1A LM1S 1.-31 1.314 1.343 1.397 1.447 1.626 1.M 1.3 1 1,179i

L683 1371 L3 M 33 1.33 1.157 1.19K 1.115 1.374 1.512 1.716 1,721 I•.3 I.7 23 %.M
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TABLE A-2. FRAGMENT DATA

UhITl U L WV M iS LNA "m mm UP LUP 1w
NO.18mm N 111 . L iN. IN. i1, D. DL 1K DL C
I I 13 1.32 L 2 L25 1.3 L3 L23 3.Z 3o11 1,13 L96
2 2 163.4 ,I mml a I.n DL ALL MINE a 3.14 IlL O u .42
3 3 13L@ L 75 L76 LLS61I 3.L1 3.5 3.U L64
A 5 IILT . U 6. L43 1. LS L.13 2.3 2.11 1.15 LSI
5 5 112.3 1.73 16d 3.21 1.1 LA LU 3LO 3 3.9 1.Z 1.1,
1 5 113.2 1.12 LO 1.3 1.8 LS L12 2.S L*3 I.9 1.5
7 5 113.2 1.31 LO L.27 1.. L. L12 2.L1 2.3 1.9 I.E
1 5 113.7 1.29 L 1.21 1.2 L 6 .3 3.3 2.75 1.75 1,31
1 3 121.5 1.24 L1. .23 1.1 L5 SLII 3.a 2.1 1.in 3.1O

to 5 121. 1.46 L72 6.22 1.2 L7? L6 3.4# 2.3 1.9 LW
I1 5 12LS 1.14 L.71 .2 1.1 L5 L.:2 2.31 2.31 1.9 .16
12 3 IM .• S1 L79 L.3 .l L1.8 1 2.15 2UI 1.75 LO
13 5 13L8 LIE LO 1#A L? L7 L1 2.31 2.0 1.31 3.13
1& 5 13.9 1 .1. L75 33 1.1 L.5 L14 2.3 2.31 1.91 L.S
15 131.5 I.E L1 L.32 LS L06 L.13 2.15 2.3 1.68 L91
31 5 13,1 1.7 L0I i. 1.7 L4 I.1 3.Sl 3.IN 9IS 1.9 L
17 5 13.5 1.3 1.63 1L32 1.3 L5 L12 3.1 2.163 1.9 .L3
1t l I3.1 13. 1L71 L3 14 1.4 LA L14 3.5 2.7 1.3 1 1.13
Is 5 111.1 LU L.74 0. 1.3 1. 1.1 2.31 2.13 1363 1.21
23 5 1172 1.43 L82 L37 1.3 L6 1.12 3.3 2.11 1.33 1.23
21 5 153 1.71 L74 .27 1.5 8,6 LIt 3.1 3.3I 1.13 1.3
22 5 ,7. 1. %G L9 1.5 L6 112 46, ,n 1.41 1.13
23 5 213.3 1.33 L73 L.3 1.1 L6. LIT 3.13 215 I.E I.E
4 5 214.1 1.6 LN L.X 1.6 L3 LU 3.19 2.3I 1.3 1.43

25 5 23.4 1.51 L1 LIS 1.3 L6 L13 3.S ZU 1.S3 1.31
S 5 23L4 :. d L77 641 1.5 L6 L.14 3.&I 3.5 1.75 1.13

27 5 ?41.6 1.5 L L U 1.43 1.4 L6 1.1 3.1 3.41 1.63 LOS
23 5 244.8 1.3 L37 8.43 1,3 L6 1I1 3.9 3.31 2.& 1.o3
9 6 2417 1.31 L74 631 1.3 L6e L16 3.11 3.5 1.13 L16

3x 5 2LI 1.74 L77 6.24 1.7 L5 1.5 3.31 3.63 1.75 1.36
31 2183 I.E LnU L.7 1.1 L 61L21 2.9 2.41 2.56 L.
32 5 277.4 I.37 MY7 L.A 1.1 L3 L1 4.1 3.31 I.S 0.3
33 181U2 3.L 2 1. 1.6LI LI L6.1L22 2.0 12.4 L13 1.5
34 6 1'01.1 1.41 LU L.4# 1.4 L.7 .,13 316 3.31 2.1 1.2
35 4 "J.1 1. 4.8 L32 1.9 L .t114 4.3 Ai. 1.81 1.73
3 A t, 1.3 3 3n 1.30 1.5 a.7 10 1 3.7W5 144 1.15 1.15
37 5 31L4& .• 1. L.37 1.4 L7? IS 3.o' W :.31 l. LS.
31 4 313.1 1.54 •.5 1.3 1.3 1l. 18 3.&4 3.11 1.81 0.
33 323.3 1.2 1.13 .IS 1.3 LS L.14 CI5 2.81 2.LU 3.5
a l 33T I. L 0.L35 1.4 L6 21 3.44 3.U4 1.01 3.E
a1 A 331.2 1.12 1.10 0.N 1.1 L8 .11 2.n1 2.75 2.N1 7.L76
42 6 33. 1.73 L .&33 1.53 L LIS 46.3.5 & 175 A.3
43 4 33, 2.71 L81 S,19 2.6 1.7 1.16 7 ?.3 -Z I.1 S L

A 3ML S1.17 9 E: a.74 1.1 1.23 3.31 3.5 2.3 L.72
45 A 356.9 1.34 L1Z 5.1 1.2 L3 L22 3.IS 511 3.L
46 3 TV. 9 1.35 1.5L 1.31. L7 3.31 3.I S 2.3 2 13
47 6 332 .43 LL C .1' 1.4 L7 IL1 3.1 N 3.13 231 LP7
43 31L2 1.3 1.2 L.46 1.2 L9 LIT 6.1 8 43 N 2U 1 I.f
43 5 31.3 1.3 1 6.43 1.3 L.8 8113 3.I 2IN 2.5 1.14
3 A 3,81. 1.12 LI L62 1.2 L. 1.3 3.11 2.L1 2.5L 1.11
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TABLE A-2. FRAGMENT DATA (Continued)

lEIWT UN 1M 1 LUA M TA LUP LI 1To
& W= OIWNI IN. IL. IL L IL DIL DL iL INL Co
51 A 33.2 2.u L64 0.51 2i. L6 LIT 4.3 4.75 163 LIS
52 5 33L3 1.6 1.37 L.4B 1.5 L3 L31 &M 3.31 %.31 1.16
53 4 3= 1 1.62 L7L6.•2 1.5 L?71.I 4.3 4.52L13 ,.76
54 4 4&.6 2.11 1.16 L2 2.6 LS LII 5&5 4.31 L2 hi.
15 5 43L? T2.63 . L42 1. L? LIT7 C.I 4d3 1*0 L.
s A 4.3 2.73 L X L37 LS L6 LIS &N &1S 1.11 1.3

57 451.7 1.5 LS 1A7 1.3 L3 L3 US 31. 2.13 LX3
31 1 AM.$ 2.10 L V 2L127 L? L16 61 4.&Z L2.25 1.12
53 a 41L2 1.3 1.35 .33 1I. LI L1. 4613 3.13 25 1.S
G3 5 I 4 1.31 L3 1.1 13 13 L39 &63 . A44 2.33 L.S
51 4 45.7 2.7 1.64 L.37 2.1 L L13 5&N IN 2.31 1L
12 4 43L.3 I.X L11 .e3 7 Ll 1.4 & . 4 2.411 L73
63 5 4.3L 2.13 1.92 1.31 2.1 .L LIS 513 &IS LN • 11
4 A 43I11.3 51. 0.52.,1. 1t1 L13 L.3t3.6 3.3 LE

05 LI 1.72 L 1 LI 1.1 L6 L24 A.M 61 15 1.9 L.
6 6 513.6 2.62 1.3 1.3 1.4 1.3 113 L .I 3.1 2.1S 4 1.5

57 5 531.9 2.12 1. LAS 2. 1. L.1 LX 4. 2.3 L12
6B 5 547.9 IS. 1.0 1.42 1.5 L 1.22 3 3,1 3.3 414 .12
59 5 53L2 1.17 .IX L42 1.9 L3 . 1IS &.9 .442, 1.37
71 4 551.2 1.73 LU 1.57 1.5 1.7 1.27 46.1 4613 2.0 0.71
71 A 110.4 2.37 LS. L3 L2.3 L .15 L .I &2.113 31!
72 6 151.7 2.1S 1.33 1.33 2.1 1.1 L14 513 4.31 2.175 .3
73 6 11.4 1.3 1.37 1.44 1.5 1.1 LIS 46. 3.8 2.34 Lk
74 A 53, 1.6 1.15 1. 1.1 L3 L2. 4.63 4.& 3LIS 1
75 5 66. 32.31 1.7 L1 42.1 8 21 5.% 5.15 69 .3
s 5 71&3 2.12 1.24 L3U 1.3 1.3 L2. 5.5 4.31 3&00 1.3

17 713.1 2.51 1. L31 2.6 5 8 L18 1.2 I6 S. 5. 2.23 1.29
9 4 757M. 2.15 1.15 1.3 2..3 17 L. 7.44 .L13 2.U L 3

73 6 77I. 2.53 1.27 1.45 2.3 1.3 LIT 7.13 &M5 2.L 1.31
S A 777.l 2.6 L 0.5 1 2. 7 L7 ? 663 65 2.1S L5

31 71.2 2.43 1171T432.. 1.31.21 5.3 %61 2.13 1.3
a 4 3I. 1.h 1.43 1.3 1.5 1.11 .3 4.0 &5 & 344 1.64
83 833.7 I.1 1.33 L.4 1.5 1.4 LIS 5&IS 3,1N 3.3 LI
314 6 113 2.93 1I. 1.43 3.I 1. L9 16 7.3 5.81 2.31 1.3
5 A 1517.7 Z23 1.27 .56 2.7 1.1 L2. 7.31 5.75 2.K 1935

is 153.3 3.37 1.53 145 3.3 1.2 1.21 181 6L75 46.19 1.2
37 179.43.532.64 0.L65 3.3 12.23 13N L30S & 53 L
19 1373.2 3.1 31. L5 3&8 1.2 .3 3. 31 .I3S.6 1I3
I* A 33.7 2.35 1.491.37 2.5 LS LA4 5.3 so &3.3 .
S 6 252 2.71 2.1 L73 2.4 1.1 L43 .1S 5.81 36 L.7

11 6 3.5 3.33 h 1.45. L 3.11.4. L2 0.L 6 2533W 8.3
12 A 273.3 4 2. 5 3157 4.3 1.5 L22 12.3 8 5.3 1.42
13 6 3141.3 4.35 1.3 1.46 4.1 1.5 L28 13,.S 1LE 3.31 1.84
% 4 327L.2 *.17 1.6 16.74 2.LS 1.A L41 .5 Lil1 4.63 1.o2
3 7 133 1. 3.17 2.64 2.33 3&1 2.8 1.28 &l3 3N L1I 13
4 7 23413.5 4.3 3&77 1.79 4.2 3A4 L34 1&363 &981 8L63 199

SOURCE CODE
1 - BAR (1/A X 1/A X 1 1/4) 5 - 76MM MlK 165 PROJECTILE
2 - 1.W IN. DIAMETER SPHERE 6 - MiK S4 LOW DRAG BOMB
3 - .76 IN. PER SIDE CUBE 7 - MiK 82 LOW DRAG BOMB
A - 155MM M17 PROJECTILE
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TABLE A-3. ICOSAHEDRON VS CALCULATED AREAS

FRAG MIN AREA MAX AREA AVG AREA 8TD DV VARtIANCE
NO. ICOS CALC ICOS CALC ICOs CALC ICOS CALC ICO CALC

1 0.20 6.57 6.43 1.59 6.34 3.38 5.57 1.31 S.teOS 6.6M
2 0.79 8.79 5.79 3.79 6.78 0.73 a.65 O . GO O.5P IL$
3 0. E 6 2.56 3.98 1.36 8.87 3.37 6.15 3. ft 3.6s elm
4 3.19 3.36 5.37 0.47 6.= a. 31 L.as 6.11 a.693 0.312
5 6.17 3.64 6.53 3.5" 5.37 0.41 G,11 .t.S 6L013 0.827
S 6.15 3o65 6.41 6.52 1.33 6.34 0.37 6.12 3.365 3.015
7 6. 22 3.1G 3.41 3.52 0.38 3.34 9.57 3.12 6. WO *.(bs
8 0.18 0.05 3.58 3.73 5. 37 4.44 6L12 L 19 3.101 S. 6On
9 6.19 3.66 6.53 3.57 6.35 6.37 6.3S L.14 3. m 6.619

13 6.23 6. 35 3.70 6.85 31.43 3.41 6.15 3.22 6.623 IL OW
11 S. 23 6.*6 6.49 6.57 6.34 5.37 G. 66 .14 6. 67 o.619
12 6.21 3.69 3.51 .685 3.33 3.43 1.3 3.16 6.613 3.827
13 0.21 3.15 6.36 6.44 3.28 8.31 9.35 3.13 3. W2 0. 09
14 3.19 6.67 8.46 6.52 6.34 3.35 3307 3.12 1L366 G.o1.i
15 0.22 3.68 b. 45 6.e5 3.34 6.37 6.07 6.13 13WO IL 017
1 0.21 6.65 3.57 3.71 0.42 6.45 0.11 l.17 3.311 G.329
17 6.21 3.3W 3.55 6.67 1. 33 3.43 L.3 8.16 .661M I.326
18 0.25 3.35 L.52 1.63 3.39 L.41 9.3M 3.13 IL 67 IL 18
19 6.21 3.38 3.52 5.62 3.36 6.41 L.16 3.15 3.515 3,321
23 6.22 3.67 6.52 0.86 3.444 5.55 5.15 O 126 5.5 91 ,39
21 6. 26 6.66 3.74 3.92 L.48 6.36 3.15 L 23 S. 2M G. 54
22 6.28 3.67 6.96 192 3.55 3.57 3.15 6.23 IL.25 L.353
23 3.27 5.16 6.51 6.61 6.45 I1.47 6.13 6.16 3.1 e a."24
24 0.27 6.11 3.75 6.82 6.46 6.52 6.16 9.26 0.825 3.860
25 a. 26 3.6 3.79 O.93 5.53 6.59 6.17 6.23 1. 621 3.351
26 0.29 6.56 6.76 0.93 L.54 1.53 1.14 6.23 O.5 5.6 ,51
27 61.34 5.39 0.75 5.87 6.54 5.57 6.12 6.21 8.515 L 043
28 6.33 6.15 0.75 5.81 6.54 3.54 3.12 6.19 6.514 6. M3
A9 5.35 5.15 5.59 6.81 1.52 1.54 1.11 5.19 8.511 6.3am
36 6.36 6.69 3.74 3.89 6.51 6.59 0.12 3.21 1L.I 6.043
31 3.34 5.12 5.57 5.71 5.45 5.51 5.67 3.15 G.305 1.522
32 5.29 3.37 5.81 6.99 3.62 6.55 0.14 I.23 6.511 3.055
33 6.36 6.13 6.56 3.71 6.48 5.51 0.37 3.15 S.655 8.322
34 3. 31 3.11 3. 64 1.61 3.61 3.53 6.14 0. 24 5.3018 . 059
35 6.31 6.38 1.05 1.17 6.68 0.74 0.23 6.29 *.053 5.384
36 65.35 3.13 3.91 1.59 5.62 3.69 6.18 3.26 5.331 5.369
37 6.36 6.11 6.85 1.31 3.61 3.66 6.15 5.24 3.523 ILW58
"3i 5.35 3.12 3.71 6.95 3.55 5.63 3.14 6.22 5.311 1L 048
39 6.42 6.13 1.65 1.19 5.71 3.74 5.23 8.38 0.48 6. 361
40 6.28 6.12 0.77 3.89 6.62 3.62 1.12 5. 2 5.515 9.53W
41 .498 3.15 3 .76 6.92 6.58 6.62 5.36 6.21 0.3Oft4 . 043
42 3.42 3.11 3.88 5.95 0.65 0.65 6.12 8.21 9.615 . G.6A
43 3.55 5.97 1.43 1.84 1.52 1.87 6.24 5.49 6. 056 8.235

0.39 6.16 6.66 3.83 6.55 6.63 3.37 5.17 . 64 9. 029
45 0.41 6.15 6.79 6.89 6.53 3.62 5. 11 5.19 3.312 6.637
46 3.41 3.14 6.93 6.96 5.64 6.56 3.14 3.21 5.526 8.646
47 3.47 3.13 6.82 1.02 5.63 6.69 3.11 6.24 3.312 5.855
49 5.45 6. 15 6.97 1.11 6.68 0.72 6.19 3.27 6.337 6.371
49 0.37 6.15 5.95 1.39 6.54 3.71 5.16 5.25 3.322 0.664
55 0.43 3.16 5.83 1.39 0.64 6.68 3.12 3.23 0.3 1• .52
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TABLE A-3. ICOSAHEDRON VS CALCULATED AREAS (Continued)

FRAG MIN AREA MAX AREA AVG AREA BTD DEV VARIANCE

NO. ICOS CALC ICOS CALC ICOS CALC ICOS CALC ICOS CALC

51 0.40 0.10 1.15 1.25 0.78 3.82 6.19 6.36 0.83.7 6.398

52 3.41 6.13 1.26 1.31 6.77 0.83 6.2G 3.32 0.60 3.134

5.3 3.54 3.13 1.96 1.13 0.75 0.74 6.11 3.25 0.312 .364

54 0.34 3.13 1.67 1.82 0.96 1.37 0.41 0.48 6.169 8.228

55 e-46 6.12 1.20 1.37 a.85 3.88 0.23 9. 33 651 3.111

56 3.36 ,6.9 1.39 1.55 6:93 6.99 a.27 0.39 IAt 1 2 0.144

57 6.46 0.18 9 .96 1.13 0673 0.76 6.15 0.24 .U22 0.059

58 0.29 0.11 1.34 1.51 ,.87 3.96 3.26 0. Z,7 3.369 0.138

59 3.45 6.15 1.55 1.63 6.92 1.00 3.35 0.41 0.121 3.169

6s 3.49 3.19 6.97 1.1, 0.73 3.77 0. 10 6.24 6. .20 0.057

61 6.53 6.12 1.66 1.91 1.33 1.14 6.36 0.53 6.131 0.246

62 .64A 3.14 6.99 1.=2 0.86 3.88 6.13 3.31 0.010 3.394

63 0.43 38.12 1.39 1.71 0.93 1.06 3.33 C.43 0.089 6.187

64 3.52 0.13 1.94 2.32 1.15 1.19 0.47 0.53 0.225 6.280

65 0.46 3.14 1.13 1.17 0.79 3.83 3.23 0.25 03.40 0.363

66 6.53 3.19 1.36 1.44 6.85 6.93 3.26 65.35 1B. 667 6.123

67 3.62 3.14 1.45 1.64 0.97 1.84 3.25 6.40 3.064 3.164

68 6.5. 6.17 1.14 1.34 3.8 3 .93 3.23 0.31 0.339 6.694

69 0.57 6.15 1.29 1.57 6.92 1.01 0.21 0.38 3.344 .,143

70 0.43 8.19 0.91 1.14 3.75 3.82 6.13 6.24 0.018 0.055

71 6.51 0.13 1.88 2.10 1.15 1.27 3.42 0.54 8.174 6.290

72 6.61 6.16 2.09 2.34 1.26 1.38 3.49 6.61 0.242 0.370

73 0.52 0.21 1.69 1.86 1.36 1.14, 3.36 0.44 0.127 3.196

74 6.64 3.18 1.44 1.59 1.31 1. 3s6 3.24 3.37 0.859 0.136

75 35.51 0.16 1.65 1.74 1.16 1.13 0.31 0.42 0.907 6.173

76 0.47 0.20 2.63 1.85 1.14 1.18 0. 44 6.45 3.196 6.232

77 3.48 3.14 1.76 2.13 1.17 1.34 6.38 6.53 0.147 0.281

78 3.84 3.14 1.86 2.34 1.29 1.33 6.39 6.49 .698 0. 238

79 3.68 6.17 2.07 2.34 1.38 1.43 3.42 6.59 0.175 0.352

8 3.67 e. 14 1.76 2.35 1.24 1.33 6.36 6.49 8.9 3.238

81 3.Be 69.17 1.61 1.99 1.23 1.29 3.26 6.48 6.667 3.227

82 3.69 0. 26 1.55 1.82 1.88 1.19 0.28 e.43 6.378 6.184

W3 3.61 3.27 1.98 2.28 1.27 1.43 6.46 6.57 8.216 3.329

84 6.68 0.15 2.23 2.75 1.41 1.67 0.46 6.70 0.210 3.494

5 3. 31 3.38 2.31 0.73 6.535

as 3.26 4.03 2.46 1.63 1.633

87 0.28 4.84 2.5i 1.02 1.034

88 0.26 4.64 2.83 1.18 1. 4A

89 0.41 2.55 1.93 6.53 0.245

9s 0.43 2.64 1.93 6.54 0.286

91 6.35 4.28 2.64 1.8 1.161

92 3.33 6.53 3.86 1.71 2.968

93 6.39 6.25 3. 91 1.63 2.549

94 3.58 4.27 2.92 0.96 3.925

95 2.57 7.83 E. 37 1.11 1.232

96 2.84 14.98 10.32 3.33 11.678

EXPLANATION OF COLUMN HEADINGS
MIN AREA - MINIMUM PRESENTED AREA (SQ. IN.)
MAX AREA - MAXIMUM PRESENTED AREA (SO. IN.)
AVO AREA - AVERAGE PRESENTED AREA (SQ. IN.)
STD DEV - STANDARD DEVIATION OF PRESENTED AREA (SO. IN.)

VARIANCE - VARIANCE OF PRESENTED AREA (IN. 4TH)

ICOS - AREAS CALCULATED FROM rCOSAHEDRON GAGE DATA

CALC - AREAS CALCULATED FROM APPROXIMATING RECTANGULAR PARALLELEPIPEDS
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TABLE A-4. PRESENTED AREA RATIOS

FmRa NO. MAX / MIN MAX / AV AVG / MIN
NEW OLD CD IC0 CALC IC06 CALC IC08 CALC

1 2 0.42 1.6 1.66 1.1 1.16 1.66 1.16
2 95 69.0 3.64 1.22 2468
3 3 6.64 1.54 1.73 1.13 1.15 1.35 1.56
4 76 6.71 2.16 5.19 1.22 1.39 1.73 4,.32
5 44 69.72 1.59 5. 5 1.26 1.39 1.41 3.63
6 62 6.73 1.56 9.49 1.16 1.56 1.34 6,33
7 53 6.76 1.65 9.16 1.26 1.49 1.39 5.49
9 41 6.76 1.44 5.S4 1.26 1.47 1.19 46,3
9 11 69.76 2.42 9.53 1.45 1.53 1.67 6,21
10 57 69.73 2.10 6.65 1.31 1.45 1. 4O C,18
11 35 6.79 3.36 14.41 1.55 1.58 2.17 9.69
12 90 6.79 6.26 1.37 6.51
13 45 69. 1.95 5.91 1.34 1.43 1.46 6.14
14 9 6a.89 6.24 1.35 4.64
15 82 69.81 2.27 7.16 1.43 1.52 1.58 4.66
IS 46 69.2 2.77 7.52 1.23 1.44 2.26 5.21
17 13 0.93 1.72 4.67 1.26 1.42 1.37 3,29
18 45 6.83 2.693 6.81 1.29 1.46 1.57 4,67
19 1 69o83 2.11 169.35 1.37 1.46 1.54 7.39
26 73 6.84 3.24 9. G6 1.59 158 2.63 5t 44
21 76 6.94 4.28 S.13 1.73 1.56 2.44 5.95
22 63 6.96 3.86 14.35 1.51 1.62 2.33 9,66
23 33 69. 1.56 5.49 1.24 1.39 1.33 3.95
24 74 6.68 2.27 9.61 1.43 1.56 1.59 S. 6.
25 39 6.6 2.56 9.37 1.47 1.61 1.76 5.82
26 65 69.86 2.49 3.19 1.42 1.62 1.75 5.77
27 47 69.87 1.75 7.81 1.36 1.49 1.35 5.24
29 69 6.87 2.27 10.56 1.39 1.55 1.53 6.79
29 55 6.88 2.63 11.81 1.42 1.56 1.86 7.59
36 64 61.88 3.75 15.99 1.69 1.76 2.22 9.42
31 12 69.88 2.38 7.92 1.52 1.62 1.56 4.96
32 27 6.89 2.26 9.87 1.37 1.53 1.660 6.44
33 83 69.9 3.25 9.56 1.56 1.62 2.68 5.29
34 78 6.96 2.21 14.62 1.43 1.54 1.54 9.51
35 32 6.96 2.91 13.35 1.31 1.52 2.15 8.78
36 66 6.96 1.99 5.68 1.32 1.43 1.56 4.65
37 4 69.91 1.96 7.46 1.23 1.50 1.54 4.99
38 67 6.92 2.33 12.169 1.569 1.58 1.56 7.65
39 68 6.92 1. •9 7.66 1.33 1.48 1.47 5. 16
46 85 69. 93 16.7 1.53 6.59
41 72 69.93 3.41 14.75 1.65 1.69 2.65 8.75
42 9 6.93 2.71 16.95 1.41 1.55 1.93 6.49
43 1 60.94 2.19 6.92 1.29 1.36 1.76 5.33
44 17 6.94 2.63 11.61 1.45 1.55 1.92 7.13
45 88 3.95 17.53 1.64 16.69
46 43 3.95 2.59 26.57 1.41 1.71 1.84 15.56
47 16 6.95 2.75 15.71 1.35 1.54 2.04 16.17
498 8 6.96 2.52 14.44 1.37 1.53 1.94 9.42
49 31 3.96 1.66 5.69 1.23 1.43 1.35 4.36
50 29 69.96 1.97 8.34 1.33 1.49 1.48 5.59
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TABLE A-4. PRESENTED AREA RATIOS (Continued)

FRAU NO. MAX / MIN MAX / AVG AVG / MIN
NEW OLD CD ICOS CALC ICOS CALC ICOS CALC

51 37 0.96 2.84 8.97 1.41 1.54 2.02 5.85
52 61 0.96 3.16 16.18 1.61 1.68 1.96 9.66
53 14 0.96 2.41 7.71 1.34 1.49 1.79 5.19
54 10 0.97 3.04 16.34 1.61 1.73 1.89 9.47
55 87 0.58 14.53 1.62 8.99
56 71 0.98 3.71 15.58 1.63 1.65 2.28 9.45
57 15 0.98 2.06 7.26 1.34 1.52 1.54 4.76
58 38 0.98 2.26 7.70 1.43 1.50 1.57 5.13
59 42 0.92 2.08 8.33 1.36 1.46 1.53 5.69
60 75 0.95 3.24 10.72 1.50 1.53 2.17 6.98
61 96 0.99 5.27 1.45 3.63
62 91 0.99 12.36 1.62 7.64
63 81 0.93 2.67 11.97 1.34 1.54 2.00 7.77
64 84 1.00 .23 18.65 1.57 1.65 2.06 11.33
65 93 1.01 15.97 1.64 9.72
66 94 1.02 7.41 1.46 5.06
67 23 1.02 2.25 6.98 1.35 1.47 1.67 4.74
68 59 1.03 3.43 10.55 1.68 1.63 2.04 6.49
69 56 1.03 3.87 16.68 1.48 1.57 2.61 10.64
70 48 1.04 2.45 7.25 1.44 1.54 1.70 4.69
71 51 1.05 2.62 12.55 1.35 1.53 1.95 8.19
72 7 1.05 2.09 8.80 1.36 1.53 1.54 5.75
73 6 1.06 2.62 8.94 1.39 1.53 1.89 5.83
74 66 1.06 2.56 7.59 1.61 1.55 1.59 4.90
75 50 1.11 '1.95 6.1.8 1.31 1.47 1.49 4.21
76 54 1.11 4.94 17. ;1 1.74 1.70 2.84 10.33
77 58 1.12 4.65 13.40 1.54 1.57 3.03 8.51
78 49 1.14 2.42 7.41 1.41 1.51 1.72 4.89
79 36 1.16 2.73 10.40 1.60 1.57 1.70 6.64
80 52 1.16 2.95 10.45 1.57 1.58 1.88 6.60
81 22 1.18 2.86 13.27 1.47 1.61 1.95 8.24
82 5 1.19 3.37 18.34 1.55 1.60 2.17 11. '4
83 26 1.19 2.60 11.38 1.41 1.56 1.84 7.28
84 19 1.21 2.43 7.55 1.45 1.52 1.68 4.98
85 86 1.24 15.79 1.64 9.63
86 30 1.24 2.49 11.65 1.43 1.50 1.74 7.75
87 77 1.29 3.64 15.13 1.51 1.59 2.42 9.50
B8 34 1.29 2.69 9.50 1.38 1.55 1.94 S.12
89 20 1.29 2.77 11.41 1.41 1.59 1.97 7.16
90 25 1.30 3.05 11.51 1.50 1.57 2.04 7.35
91 79 1.31 3.04 13.58 1.60 1.63 1.90 8.32
92 28 1.33 2.26 8.46 1.40 1.50 1.61 5.64
9z 8 1.34 3.17 14.32 1.55 1.67 2.05 8.57
94 21 1.38 3.72 14.29 1.56 1.63 2.38 8.77
95 92 1.42 19.91 1.69 11.77
96 24 1.48 2.81 7.48 1.61 1.57 1.74 4.78

ICOS - PFES2NTED AREA RATIOS CALCULATED FROM ICOSAHEDRON GAGE DATA
CALC - PRESENTED AREA RATIOS CALCULATED FROM APPROXIMATING RECTANGULAR PARALLELE
PIPEDS
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TABLE A-5. LINEAR AND STATISTICAL RATIOS

FRAG NO. SD / AYVG VAR / ARVG4'2

NEW OLD CD L/T W/T L' /T' W' /T' ICOS CALC ICOS CALC
1 2 0.42 (SPHERE)
2 95 0.50 2.42 1.56 1.74 1.33 0.17 0.03
3 3 0.64 1.00 1.00 1.00 1.00 0.11 0.10 0.01 0.01
4 70 0.71 5.50 2.57 3.43 1.46 0.16 0.29 0.03 0.10
5 44 0.72 4.69 2.98 2.33 1.56 0.12 0.29 0.01 0.14

6 62 0.73 9.08 3.53 4.61 2.03 0.11 0.35 0.01 0.14

7 53 0.76 7.81 3.65 4.38 2.04 0.15 0.34 0.02 0.16
81 4 1 0.76 5.;9 4.14 2.24 1.90 0.11 0.33 0.01 0.18
9 11 0.76 9.22 4.19 5.50 3.11 0.25 0.37 0.06 0.36

10 57 0.78 5.74 3.53 4.11 2.53 0.20 0.32 0.04 0.13
11 35 0.79 14.02 4.43 8.36 2.81 0.34 0.39 0.12 0.21

12 90 0.73 5.63 2.34 4.42 2.66 0.28 0.08
13 45 0.80 5.57 3.25 3.55 2.31 0.18 0.31 0.03 0.15
14 09 0.80 5.50 1.98 3.57 1.66 0.26 0.07

15 82 0.81 6.66 4.71 4.03 3.16 0.26 0.36 0.07 0.11

16 40 0.82 7.08 3.03 3.SS 1.80 0.20 0.32 0.04 0.16
17 13 0. 03 4.41 3.78 2.55 2.34 0.16 0.30 0.03 0.30

19 46 0.93 6.46 3.49 3.73 2.59 0.22 0.33 0.05 0.16
19 16 0.83 9.69 2.77 5.70 2.29 0.21 0.33 0.05 0.26
20 73 0.84 8.42 5.79 5.06 3.92 0.34 0.39 0.11 0.13
21 76 0.94 6.90 4.94 5.58 3.19 0.39 0.38 0. 15 0.12
22 63 0.86 14.09 5.37 7.85 3.38 0.32 0.41 0.10 0.16
23 33 0.86 5.08 2.77 3.40 2.50 0.15 0.29 0.02 0.16

24 74 0.S6 6.63 3.63 4.24 2.23 0. 24 0.35 0.06 0.11
25 39 0.96 9.20 6.37 5.43 4.05 0.=2 0.40 0.08 0.22

26 65 0.86 7.55 2.52 5.43 2.33 0.25 0.30 0.06 0.11

27 47 0.97 ?.49 3.74 3.49 1.86 0.17 0.34 0.03 0.17
28 69 0.87 10.18 4.29 6.38 3.08 0.23 0.37 0.05 0.14
25 55 0.88 11.45 4.22 6.71 2.47 0.27 0.38 0.07 0.16
30 64 0.88 15.84 7.92 6.32 4.14 0.41 0.45 0.17 0.17
31 12 0.86 7.79 7.79 4.55 4.15 0.30 0.41 0.09 0.41

32 27 0.89 9.54 4.09 5.10 2.48 0.23 0.37 0.05 0.24
33 83 0.89 8.43 7.37 5.70 5.07 0.37 0.41 0.13 0.12
34 78 0.90 14.02 3.51 7.74 2.55 0.23 0.37 0.05 0.10
35 32 0.90 12.75 3.36 6.19 2.09 0.22 0.36 0.05 0.20
36 60 0.90 5.47 3.37 3.35 2.04 0.19 0.31 0.04 0.13
37 4 0.91 7.17 3.98 2.97 1.79 0.17 0.35 0.03 0.38
36 67 0.92 11.79 4.72 7.23 3.27 0.26 0.39 0.07 0.15
39 68 0.92 7.33 3.66 5.01 2.82 0.23 0.34 0.05 0.13
40 85 0.93 9.72 3.96 7.08 2.83 0.36 0. 13
41 72 0.93 14.59 7.64 9.66 5.41 0.39 0.44 0.15 0.14

42 9 0.93 9.76 4.44 5.81 2.68 0.27 0.37 0.07 0.38
43 1 0.94 5.17 1.15 5.16 1.15 0.21 0.23 0.04 0.14

44 17 0.94 10.65 4.10 5.84 2.56 0.26 0.37 0.07 0.32
45 86 0.95 17.21 5.44 10.86 4.31 0.42 0.17

46 43 0.95 26.29 7.08 18.38 5.33 0.23 0.45 0.05 0.19

47 16 0.95 15.10 3. 55 8.76 2.42 0.25 0.37 0.06 0.30

46 s0 0. 96 13. 84 3.46 B.05 2.22 0. 24 0.37 0.06 0.10
49 31 0.96 5.29 2.89 3.17 2.18 0.15 0.29 0.02 0.17
50 29 0.96 7.99 3. 69 4.94 2.47 0.20 0.35 0.04 0.22
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TABLE A-5. LINEAR AND STATISTICAL RATIOS (Continued)

FRAG NO. SD / AAVG VAR / AAVG+2
NEW OLD CD L/T W/T L'/T' W'/T' ICOS CALC ICOS CALC

51 37 0.96 8.69 4.35 5.61 2.86 0.25 0.37 0.06 0.20
52 61 0.96 15.98 6.85 9.11 3.89 0.35 0.43 0.12 0.17
53 14 0.96 7.37 3.69 4.30 2.68 0.22 0.34 0.05 0.33
54 10 0.97 16.22 9.46 9.12 4.83 0.35 0.46 0.12 0.43
55 87 0.98 14.23 5.18 7.66 3.64 0.41 0.17
56 71 0.98 15.34 6.00 9.74 3.72 0.36 0.42 0.13 0.14
57 15 0.98 7.03 4.69 4.29 3.04 0.21 0.36 0.05 0.35
58 38 0.98 7.41 3.99 5.11 2.81 0.25 0.35 0.06 0.19
59 42 0.98 7.88 3.15 5.98 2.33 0.19 0.33 0.04 0.17
60 75 0.99 10.34 3.94 6.86 2.91 0.28 0.37 0.08 0.12
61 96 0.99 5.02 4.06 3.34 2.73 0.32 0.10
62 91 0.99 12.13 5.66 8.91 4.58 0.41 0.17
63 81 0.99 11.55 3.85 7.57 2.77 0.22 0.37 0.05 0.11
64 34 1.00 18.33 5.50 10.09 3.32 0.33 0.42 0.11 0.11
65 93 1.01 15.70 5.74 12.05 4.83 0.42 0.18
66 94 1.02 7.04 3.40 5.27 2.86 0.33 0.11
67 23 1.02 6.66 3.63 4.46 2.44 0.22 0.33 0.05 0.24
68 59 1.03 10.38 6.49 6.57 4.68 0.38 0.41 0.14 0.17
63 56 1.03 16.12 3.67 10.00 2.59 0.29 0.38 0.08 0.15
70 48 1.04 7.05 5.29 4.09 3.36 0.28 0.37 0.08 0.19
71 51 1.05 12.06 3.62 6.30 1.83 0.24 0.36 0.06 0.16
72 7 1.05 8.51 4.25 5.19 2.84 0.23 0.36 0.05 0.39
73 6 1.06 8.66 4.33 5.53 3.23 0.24 0.37 0.06 0.40
74 66 1.06 7.39 5.28 5.21 3.60 0.30 0.37 0.09 0.15
75 50 1.11 5.91 3.94 2.82 2.18 0.19 0.33 8.04 0.16
76 54 1.11 17.44 7.85 10.63 5.36 0.43 0.45 0.18 0.19
77 58 1.12 13.02 4.34 6.06 2.47 0.30 0.39 0.09 0.16
78 49 1.14 7.16 4.40 4.25 2.70 0.25 0.36 0.06 0.18
79 36 1.16 10.13 4.73 6.26 2.95 0.29 0.38 0.08 0.21
s0 52 1.16 10.21 5.10 5.86 3.36 0.34 0.39 0.12 0.18
81 22 1.16 12.99 5.20 8.04 3.01 63.29 0.40 0.08 0.28
82 5 1.19 17.87 4.47 11.12 2.94 f1.31 0.40 0.10 0.39
53 26 1.19 11.05 4.42 5.46 2.55 0.26 0.38 0.07 0.24
84 19 1.21 7.30 4.38 4.99 3.38 0.28 0.36 0.08 0.31
85 86 1.24 15.52 5.64 10.07 4.75 0.42 0.17
66 30 1.24 11.10 3.27 6.84 2.52 0.24 0.35 0.06 0.21
87 77 1.29 14.74 4.54 9.36 3.11 0.33 0.40 0.11 0.12
B8 34 1.29 9.24 4.62 4.89 2.69 0.22 0.38 0.05 0.22
89 20 1.29 11.15 5.15 5.61 2.92 0.23 0.40 0.05 0.31
90 25 1.30 11.19 4.48 7.10 3.33 0.32 0.38 0.10 0.25
91 79 1.31 13.35 5.00 7.76 3.65 0.32 0.41 0.10 0.12
92 28 1.33 8.12 3.75 4.19 2.16 0.22 0.35 0.05 0.22
93 a 1.34 14.15 7.07 8.45 4.78 0.33 0.43 0.11 0.43
94 21 1.36 14.04 5.61 8.49 3.56 0.34 0.41 0.12 0.30
95 92 1.42 19.67 6.86 11.16 5.31 0.44 0.20
96 24 1.48 7.31 5.85 5.22 4.28 0.34 0.38 0.12 0.28

HEADINGS
L - AVERAGE LENGTH W - AVERAGE WIDTH T - AVERAGE THICKNESS
L' = MAXIMUM LENGTH PLUS AVERAGE LENGTH
W'= MAXIMUM WIDTH PLUS AVERAGE WIDTH
T'= MAXIMUM THICKNESS PLUS AVERAGE THICKNESS
SD - STANDARD DEVIATION OF PRESENTED AREAS (SQ. IN.)
VAR - VARIANCE OF PRESENTED AREAS (IN. 4TH)
AAVG+2 - AVERAGE PRESENTED AREA SQUARED (IN. 4TH)
ICOS - AREAS CALCULATED FROM ICOSAHEDRON GAGE DATA
CALC - AREAS CALCULATED FROM APPROXIMATING RECTANGULAR PARALLELAEPIPEDS
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TABLE A-6, PERIMETER RATIOS

FRAG NO.
NEW OLD CD LWP/LTP LWP/TWP LTP/TWP LWP/LMAX TWP/WMAX

1 2 0.42 1.00 1.00 1.00 3.14 3.14
2 95 0.50 1.Ce8 1.1 1.08 3.04 2.91
3 3 0.64 1.00 1.00 1.00 4.03 4.03
4 70 0.71 1.01 2.03 2.00 2.42 3.03
5 44 0.72 1.08 1.47 1.36 2.83 2.74
6 62 0.73 1.25 1.99 1.58 3.04 3.12
7 53 0.76 1.12 2.14 1.91 2.81 2.84
8 41 0.76 1.05 1.07 1.02 2.57 2.47
9 11 0.76 1.22 1.87 1.54 2.70 2.11

10 57 0.78 1.07 1.70 1.59 2.33 2.22
11 35 0.79 1.10 2.42 2.21 2.29 2.66
12 90 0.79 1.07 1.74 1.63 2.28 1.71
13 45 0.80 1.10 1.50 1.36 2.52 2.37
14 89 0.80 1.01 1.48 1.47 2.22 2.60
15 82 0.81 1.37 1.42 1.03 2.90 2.31
16 40 'a.82 1.00 1.90 1.90 2.21 2.32
17 13 0.83 1.16 1.19 1.93 2.78 2.43
18 46 0.83 1.25 1.59 1.36 2.82 1.97
19 19 0.83 1.11 1.69 1.52 2.25 2.55
20 73 0.84 1.36 1.68 1.23 3.11 2.15
21 76 0.84 1.17 1.69 1.44 2.39 2.42
22 63 0.86 1.09 2.57 2.35 2.41 1.96
23 33 0.86 1.18 1.35 1.15 2.40 1.95
24 74 0.86 1.16 1.54 1.33 2.53 2.59
25 39 0.86 1.62 1.70 1.04 3.21 2.38
26 65 0.96 1.18 2.2S 1.93 2.58 2.13
27 47 0.87 1.24 1.68 1.35 2.68 2.82
28 69 0.87 1.14 2.25 1.97 2.57 2.10
29 55 0.88 1.11 2.89 2.59 2.40 2.25
30 64 0.88 1.67 1.96 1.17 3.26 2.04
31 12 0.99 1.38 1.57 1.14 2.93 2.22
32 27 0.89 1.11 2.34 2.11 2.47 1.96
33 83 0.C9 1.54 1.63 1.05 3.23 2.20
34 78 0.90 1.21 2.58 2.13 2.61 2.48
35 32 0.90 1.03 2.09 2.03 2.17 2.52
36 69 0.90 1.06 1.53 1.45 2.36 2.56
37 4 0.91 1.09 1.36 1.25 2.56 2.92
38 67 0.92 1.29 2.34 1.81 2.62 2.25
39 69 0.92 1.04 1.06 1.02 2.27 3.44
40 85 0.93 1.16 2.78 2.40 2.42 2.21
41 72 0.93 1.31 2.05 1.57 2.57 2.12
42 9 0.93 1.14 2.04 1.79 2.47 2.59
43 1 0.94 1.02 2.88 2.82 2.52 3.92
44 17 0.94 1.14 2.00 1.75 2.34 2.38
45 89 0.95 1.16 2.44 2.10 2.37 2.05
46 43 0.95 1.16 3.74 3.22 2.68 2.31
47 1i 0.95 1.05 2.46 2.33 2.12 2.73
48 80 t.96 1.09 3.03 2.77 2.33 2.55
49 31 0.96 1.10 1.31 1.18 2.56 2.34
50 29 0.96 1.04 1.96 1.88 2.31 2.20
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TABLE A-6. PERIMETER RATIOS (Continued)

FRAG NO.
NEW OLD CD LWP/LTP LWP/TWP LTP/TWP LWP/LMAX TWP/WMAX

51 37 0.96 1.13 1.99 1.76 2.37 2.29

52 61 0.96 1.12 2.4%6 2.19 2.30 2.20

53 14 0.96 1.25 1.4C 1.19 2.88 2.59

54 10 0.97 1.45 2.29 1.59 2.32 2.08

55 87 0.98 1.35 2.41 1.78 2.52 1.80

56 71 0.98 1.15 2.85 2.46 2.36 2.22

57 15 0.98 1.16 1.63 1.41 2.70 '.22

58 38 0.98 1.08 1.90 1.76 2.23 2.10

59 42 0.98 1.08 2.43 2.25 2.46 2.65

60 75 0.59 1.10 2.07 1.88 2.41 2.51

61 96 0.99 1.39 1.58 1.14 2.98 2.29

62 91 0.99 1.42 2.29 1.61 2.69 2.11

63 81 0.99 1.00 A,64 2.54 2.32 2.20

64 6. 1.00 1.36 3-41 2.52 2.64 2.16

65 93 1.01 1.31 3.95 3.02 2.85 1.67
66 94 1.02 1.26 1.83 1.45 2.70 2.48

67 23 1.02 1.14 1.66 1.46 2.35 2.58

68 59 1.03 1.54 1.64 1.86 3.04 2.16

69 56 1.03 1.03 3.25 3.14 2.14 2.38

70 48 1.04 1.39 1.42 1.02 2.90 2.28

71 51 1.05 1.03 2.89 2.81 2.16 2.64

72 7 1.05 1.20 1.79 1.50 2.66 2.50

73 6 1.06 1.20 1.71 1.42 2.51 2.21

74 b6 1.086 1.47 1.60 1.09 2.78 2.34

75 50 1.11 1.26 1.44 1.15 3.29 2.59

76 34 1.11 1.22 2.10 1.72 2.51 2.16

77 58 1.12 1.13 2.14 1.89 2.37 2.38

78 49 1.14 1.35 1.88 1.48 2.98 2.42
79 36 1.16 1.09 2.14 1.97 2.23 2.19

80 52 1.16 1.34 1.92 1.43 2.57 2.16

91 22 1.18 1.00 2.78 2.78 2.17 2.22

82 5 1.19 1.04 2.90 2.88 2.10 2.63

83 26 1.19 1.27 2.22 1.75 2.62 2.22

84 19 1.21 1.32 1.66 1.26 2.87 2.28

85 8a 1.24 1.31 2.10 1.61 2.61 2.15

as 30 1.24 1.09 2.25 2.07 2.26 2.27

87 77 1.29 1.19 2.74 2.31 2.36 2.35

82 34 1.29 1.19 1.91 1.61 2.64 2.31

89 20 1.29 1.20 1.87 1.55 2.35 2.21

90 25 1.30 1.24 1.84 1.48 2.36 2.48

91 79 1.31 1.41 2.65 1.88 2.82 2.12

92 28 1.33 1.06 1.70 1.61 2.54 2.64

93 8 1.34 1.18 1.86 1.57 2.52 2.16

94 21 1.38 1.11 2.30 2.07 2.21 2.28

95 92 1.42 1.38 2.20 1.60 2.72 2.07
96 24 1.48 1.34 1.64 1.23 2.98 2.16

HEADINGS
LWP - PERIMETER IN LW PLANE (IN.)
LTP - PERIMETER IN LT PLANE (IN.)
TWP - PERIMETER IN TW PLANE (IN.)
LMAX - MAXIMUM LENGTH (IN.)
WMAX - MAXIMUM WIDTH (IN.)

A-15



NSWC TR 87-89

TABLE A-7. MOMENT OF INERTIA RATIOS

FRAG NO. WEIGHT GRAINS-IN'?2 ------ IT+2/
NEW OLD GRAINS CD IT 1W IL IT/IW IT/IL IW/IL IL*,IW

1 2 1030.4 0.42 SPHEREz ALL RATIOS EQUAL 1.00
2 95 15595.1 0.50 17687.4 14618.3 7327.6 1.21 2.41 1.99 2.92
3 3 835.0 0.64 CUBE: ALL RATIOS EQUAL 1.80
4 70 561.2 0.71 128.1 108.6 26.3 1.18 4.87 4.13 5.74
5 44 354.0 0.72 50.2 37.3 15.8 1.35 3.13 2. 33 4.22
6 62 489.3 0.73 152.1 133.7 21.6 1.14 7. 4 6.19 8.10
7 53 395. 1 0.76 90.2 75.3 17.3 1.20 5.21 4.35 6.24
8 41 333.2 0.78 51.4 34.6 13.8 1.48 2.74 1.84 4.86
9 11 128.6 0.75 15.6 13.1 2.8 1.19 5.52 4.63 6.58

10 57 461.7 0.70 89.6 67.1 26.7 1.34 3.36 2.52 4.50
11 35 302.8 0.79 100.2 91.6 9.6 1.09 10.46 9.56 11.44
12 90 2006.2 0.79 1130.2 993.9 198.1 1.14 5.71 5.02 6.49
13 45 354.9 0.80 57.1 44.0 15.9 1.30 3.58 2.76 4.65
14 a9 2005.7 0.80 1180.0 1078.5 169.2 1.09 6.97 6.37 7.63
15 82 804.8 0.81 252.8 175.2 84.7 1.44 2.99 2.07 4.31
16 40 325.7 0.82 63.0 54.3 10.9 1.16 5.80 5.06 6.73
17 13 130.8 0.83 9.3 5.6 4.2 1.65 2.20 1.34 3.63
18 46 357.9 0.83 65.0 51.6 15.8 1.26 4.11 3.26 5.18
19 18 158.6 0.03 28.0 26.2 2.4 1.07 11.80 11.02 12.64
20 73 655.4 0. 4 205.9 141.8 68.1 1.45 3.03 2.08 4.39
21 76 713.9 0.84 252.2 195.1 61.9 1.29 4.08 3.15 5.27
22 63 490.9 0.66 206.6 181.3 27.1 1.14 7.62 6.69 8.68
23 33 280.2 0.86 36.7 29.4 9.5 1.25 3.84 3.08 4.80
24 74 656.0 0.86 232.3 20080 37.6 1.16 6.17 5.31 7.17
25 39 323.9 0.66 67.5 46.1 22.4 1.46 3.01 2.06 4.41
26 65 505.0 0.86 151.5 138.8 17.6 1.09 8.62 7.90 9.41
27 47 359.2 0.67 73.3 59.7 15.7 1.23 4.66 3.79 5.72
28 69 556.2 0.87 197.0 169.0 31.3 1.17 6.29 5.39 7.33
29 55 432.7 0.88 147.8 131.2 18.7 1.13 7.90 7.01 8.90
30 64 495.1 0.88 206.3 165.7 42.0 1.24 4.92 3.95 6.12
.31 12 128.8 0.88 13.7 7.0 7.0 1.97 1.97 1.00 3.88
32 27 241.6 0.89 46.7 39.9 7.7 1.17 6.07 5.18 7.10
33 03 833.7 0.89 314.0 161.4 138.7 1.74 2.26 1.30 3.94
34 78 767.0 0.90 532.4 503.7 33.9 1.06 15.72 14.87 16.61
35 32 277.4 0.90 89.2 04.0 6.3 1.06 14.17 13.33 15.05
36 60 464.1 0.90 94.0 70.5 28.1 1.33 3.34 2.51 4.45
37 4 110.7 0.91 9.8 7.6 2.5 1.28 3.97 3.10 5.09
38 67 531.9 0.92 205.7 178.6 25.8 1.15 6.94 6.02 7.9`1
39 68 547.9 0.92 146.1 119.1 31.4 1.23 4.65 3.79 5.70
40 85 1617.7 0.93 1145.9 993.3 173.7 1.15 6.60 5.72 7.61
41 72 651.7 0.93 305.2 243.6 cG.8 1.27 4.57 3.60 5.81i
42 9 121.5 0.93 14.8 12.4 2.7 1.19 5.57 4.6S6 S.L
43 1 159.3 08.4 23.6 23.3 2.0 1.02 11.67 11.49 11.86
44 17 155.5 0.94 25.1 22.1 3.4 1.14 7.34 6. 45 8.35
45 88 1973.2 0.95 2611.2 382.4 244.7 1.10 10.67 9.73 11.69.-
46 43 352.8 0.95 213.1 199.0 14.7 1.07 14.50 13.54 15.53
47 16 150.1 0.95 38.2 36. 3 2.2 1.05 17.72 16.86 18.63
48 00 777.0 0.96 533.4 510.2 34.-3 1.06 15.72 14.87 16.61
49 31 268.9 0.36 35.2 20.1 9.1 1.25 3.89 3.10 4.86
50 29 240.7 0.96 42.5 35.6 s.0 1.19 5.32 4.45 6.35
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TABLE A-7. MOMENT OF INERTIA RATIOS (Continued)

FRAG NO. WEIGHT ------- RAINS-IN÷2 -IT2/
NEW OLD GRAINS CD IT 1W IL IT/IW IT/IL IW/IL IL*IW

51 37 389.4 0.96 63.2 51.2 13.3 1.23 4.75 3.85 5.86
52 61 486.7 0.96 211.7 179.5 Z:,5 1.16 5.31 5.35 7.44
53 14 132.9 0.96 13.6 11.3 3.6 1.23 4.64 3.78 5.68
54 10 121.8 0.97 19.5 14.7 5.0 1.34 3.90 2.92 5.21
55 87 1799.4 8. 98 1848.9 1640.9 223.9 1. 13 8.26 7.33 9.31
56 71 608.4 0.98 309.3 269.3 42.2 1.15 7.3,N 6.38 8.41
57 15 135.5 C.98 13.2 9.3 4.3 1.41 3.10 2.19 4.39
58 35 313.1 0.96 56.9 44.9 13.6 1.27 4.17 3.30 5.28
59 42 335.0 0.98 73.0 64.8 11.1 1.14 6.59 5.77 7.52
60 75 668.5 0.93 281.3 247.9 37.9 1.13 7.43 6.54 8.43
61 96 23413.5 0.99 56972.9 35794.6 23931.7 1.59 2.38 1.58 3.79
62 91 2035. 0.93 1859.2 1537.3 343.1 1.21 5.42 4.48 6.55
6& a1 782.2 8.99 417.2 378.3 44.6 1.10 9.36 8.48 10.32
64 84 866.3 1.00 708.2 651.6 60.3 1.09 11.74 10.80 12.76
65 93 3148.0 1.01 5008.1 4427. 6 608.0 1.13 8.22 7.28 9.29
E6 94 `278.2 1.a2 2832.9 .343. 4 581.4 1.21 4.87 4.83 5.89
67 23 213,8 1.82 28.8 22.1 5.9 1.27 4.84 3.19 5.12
68 59 483.2 1.03 143.3 104.8 41.2 1.38 3.48 2.53 4.80
69 56 455.9 1.03 251.1 238.4 14.6 1.85 17.14 16.27 18.d6
70 48 360.2 1.84 67.5 44.1 25.2 1.53 2.68 1.75 4.11
71 51 390.2 1.85 141.0 131.8 12.6 1.08 11.21 10.36 12.13
72 7 115.2 1.05 12.0 9.7 2.5 1.23 4.73 3.84 5.83
73 6 113.2 1.06 11.8 9.6 2.5 1.23 4.73 J.84 5.83
74 66 519.6 1.06 129.2 86.4 44.9 1.48 2.86 1.93 4.24
75 50 381.8 1.11 66. 2 47.1 21.6 i.41 3.86 2.18 4.38
76 54 404.6 1.11 162.2 135.3 27.7 1.28 5.85 4. 8 7.01
77 58 464.8 1.12 189.9 171.8 20.0 1.10 9.58 8.60 18.58
78 49 370.3 1.14 71.9 53.2 20.7 1.35 3.47 2.56 4.69
79 36 304.6 1. 16 69.6 57.7 13.8 1.21 5.35 4.4-3 6.45
80 52 393.3 1. 1S 104.9 84.7 21.8 1.24 4.81 3.88 5.95
61 22 203.7 1.18 44.3 38.4 6.4 1.15 6.97 6.05 .804
82 5 112.3 1.19 25.5 24.0 1.6 1.06 16.18 15.28 17.14
63 26 239.4 1.19 52.1 45.3 7.6 1.15 6.88 5.98 7.91
04 19 161. 1 1.21 18.3 17.7 5.1 1.33 3.58 2.69 4.78
85 86 1650.6 1.24 1696.2 1504.2 284.2 1.13 8.31 7.37 9.37
6 30 255.1 1.24 66.8 61.9 5.8 1.88 11.52 10.69 12.42

E7 77 719.1 1.29 443.4 407.0 40.3 1.09 11.01 10.10 11.99
6S 34 291.1 1.29 59.4 48.1 12.4 1.24 4.78 3.87 5.91
a9 20 176.2 1.29 30.4 25.3 b.6 1.20 5.48 4.55 6.59
90 25 236.4 1.30 51.4 44.7 7.4 1.15 6.92 6.01 7.97
', 7S 776.7 1.31 407.1 344.3 66.6 1.18 6.11 5.17 7.23
92 28 244.6 . 33 41.8 35.0 7.3 1.19 5.32 4.45 6.35
93 a 113.7 1.34 19.0 14.4 3.7 1.24 4.91 3.95 6.11
94 21 188.5 1.38 41.0 55. 5 5.8 1.15 7.01 6.08 8.89
95 92 27E3.3 1.42 4775.9 4268.9 529.3 1. 12 9.02 8.07 18.18
96 24 214.6 1.48 29.3 16.2 11.8 1.61 2.49 1.55 4.00

HEADINGS
IT - MOMENT OF INERTIA ABOUT THE T AXIS
iW - MOMENT OF INERTIA ABOUT THE W AXIS
IL - MOMENT OF INERTIA ABOUT THE L AXIS
IT/IW - RATIO OF IT TO IW
IT/IL - RATIO OF IT TO IL
IW/IL - RATIO OF IW TO IL
IT*2/(ILiIW) - RATIO OF IT÷2 TO IL*IW
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APPENDIX B

FRAGMENT PHOTOGRAPHS
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Photographs of fragment I throwg 96 are contained in this Appendix. The photographs show the
shapes and sifes of the fragments. Comparison with Appendixes C and D present s good description of the
overall fragunt shapes and sises.
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FRAGMNTS THRUGH

FRAGMENTS 5THROUGH 8
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FRAGMENTS9THROUGH 12

FRAGMENTS 13 THROUGH 16
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FRAGMENTS 17 THROUGH 20

FRAGMENTS 21 THROUGH 24
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FRGET 5TRUH2

FRAGMENTS 25 THROUGH 328
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FRAGMENTS 33 THROUGH 36

FRAGMENTS 37 THROUGH 40
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Si

FRAGMENTS 41 THROUGH 44

FRAGMENTS 45 THROUGH 48
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FRAGMENTS 49 THROUGH 52

FRAGMENTS 53 THROUGH 56
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FRAGMENTS 65 THROUGH 68

FRAGMENTS 69 THROUGH 72
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mU

FRAGMENTS 57 THROUGH 60

FRAGMENTS 61 THROUGH 64
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7576

FRAGMENTS 73 THROUGH 76

FRAGMENTS 77 TH ROUGH 80
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FRAGMENTS 81 THROUGH 84

FRAGMENTS 85 THROUGH 88
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A RGETS8 HRUH9

FRAGMENTS 893 THROUGH 92
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FRAGMENTS 95 THROUGH 96
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APPENDIX C

VERTICAL WIND TUNNEL TEST RECORDS
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This appendix contains the individual test records for the 96 fragments tested in the vertical wind tunnel.
Each record contains three diagrams (views) of the fragment which are faithful representations of the
fragment shape but not to scale. The dimensions of the three views can be Inferred by reference to Table A-2
of Appendix A and the plan views in Appendix D.

Each record shows the axes about which fragment motion in the wind tunnel is referenced in the
comments at the bottom of the test record. The calculated CD and the values of variables necessary to
calculate it are also given. In all cases the area refers to the average presented area of the fragment,
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DATE 3/25/a

TEST NO, 210

RUN NO. 1 0 m I
AA S-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VILOCrTM CO
NUMBER (4b1 Ift) (Hg-mI) Idmg F) (SLUG/tti) lt) O

I .38214 .00234 710.0 U .003U3701 3.0 .631S47M

COMMENTS: PARALLELEPIPED HAS REPLACED THE 1,m SPHmERE As FRAGMENT a 1
ROTATES AROUND L AXIS AND IF DISTURBED WILL START TO CONE
AROUND THE SAME AXIS

FIGURE C-I. TEST RECORD FOR FRAGMENT NO. I

T L

Aw

DATE 3/28/85 0

TEST NO, 210

RUN NO. 2 A-A

5.-

FRAGMENT WEIGHT AREA PRESS TEMP OENJSITY VELOCITY CC

NUMBER ( ib) (hl) (Hg-mm) (del F) (SLUG/I3) (It/8)

2 .1472 .00646 762.4 40 .002436 223.9 .42323

COMMENTS: SWiERE

FIGURE C-2. TEST RECORD FOR FRAGMENT NO. 2
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T L

A - W

DATE 3/2/Si/ 11 11
TEST NO. 210

RUN NO. 3
A-A 8-9

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER IN (I*) He-mm) Idg F) (SLUG/ft

3
) It"/* CO

3 .1133 0003 762,4 4 O 00$436 166.3 .63610

COMMENTS: CUBE (i%) WILL ROTATE AROUND ANY AXIS

FIGURE C-3. TEST RECORD FOR FRAGMENT NO. 3

T L

W
A

Ag

DATE 3/2/8US

TEST NO. 210

RUN NO, f L,
tLA-A 33-

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CO
NUMBER (ib) Iftpl lHE.mm) Ide" F) ISLUG/ft 3

) It/5)

4 .0163 .0020w4 7SS.4 76 .002111 81.2 .91 220

COMMENTS: TUMBLES IN ALL DIRECTIONS

FIGURE C-4. TEST RECORD FOR FRAGMENT NO. 4
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T L

W

DATE 3/28/5S

TEST NO, 210

RUN NO. S
A-A U-U

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY Co
NUMBER 11 (ft'I IHg-m-) (Net F) ISLUG-tt3) We)

S .01304 .OZ0SS 714M. I a .0061.1 1 ,1 1.,3BS2

COMMENTS: ROTATES ALONG THE LONGITUDINAL AXIS AND WILL CONE ABOUT THE

FIGURE C-5. TEST RECORD FOR FRAGMENT NO. 5

T L

A

A

DATE 3/28/85

TEST NO. 210

RUN NO,.

A-A U-U

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER (Ib) (Mal) (H4g.mm) (dq F) (SLUG/ft-l (hs/e

a .01617 .00204 714.8 N .002261 81 1,01832

COMMENTS: ROTATES AROUND BOTH T AND L AXIS - WHEN DISTURBED. IT TUMBLES

FIGURE C-6. TEST RECORD FOR FRAGMENT NO. 6
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1* L

w

A

DATE 3/21//84

TEST NO. 210 ~
RUN NO. 

AA-A 11-11

FRAGMENT WEIGHT AREA PRESS TEMP DENOilY VELOCITY CO
NUMBER Ilb) I (H'mn (d" P) (SLUG/ft3 ) Itt/S

7 .0104 4 00210• 714.8 W .00ZMI S 1.06374

COMMENTS: WILL ROTATE ABOUT THE L AND W AXIS

FIGURE C-7. TEST RECORD FOR FRAGMENT NO. 7

T L

ii' W

A

DATE 3/29i/U

TEST NO. 210

RUN NO. a

A-A 3.-

FRAGMENT WEIGHT AREA fPRESS TEMP DENSITY VELOCITY cD

NUMBER (ok) (to) (Hg-m) Idg F) ISLUG/ft3) ("/a)

3 .0171 .002603 755.3 O .002331 64., 1.33820

COMMENTS: ROTATES AROUND THE L AXIS

FIGURE C-8. TEST RECORD FOR FRAGMENT NO. 8
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T L

W

A0

DATE 3/29/85

TEST NO. 210

RUN NO. 9

A-A a-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CO
NUMBER (b) (It

2
) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/s)

9 .01736 .002451 756.3 66 .002331 81 .92624

COMMENTS: ROTATES AROUND L AND T AND ALSO CONING AROUND THE L AXIS

FIGURE C-9. TEST RECORD FOR FRAGMENT NO. 9

TL

W

DATE 3/29/85

TEST NO. 210

RUN NO. 10

A-A B-B

FRAGMENT WEIGHT AREA (PRESS TEMP DENSITY VELOCITY CD
NUMBER 0Ib) ft2) (Hg-mm) Ideg F) (SLUG/lt

3
) (ft/s)

10 .0174 .003013 75s.3 62 .002349 71,3 .96720

COMMENTS: ROTATES AROUND LAND W

FIGURE C-10. TEST RECORD FOR FRAGMENT NO. 10
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T ~ L

lii W

A

A s

DATE 3/29/85

TEST NO. 210

RUN NO. 11 Z 3

A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (t2) Hg-mm) (dog F) (SLUG/ft

3 ) (ft/s) CD

11 .08137 1 .0023307 755.3 61 .002363 93.8 .76142

COMMENTS: AT LIFT OFF IT WAS SPINNING FLAT AROUND T - THEN WOULD ROTATE
AROUND ALL 3 AXES

FIGURE C-11. TEST RECORD FOR FRAGMENT NO. 11

T 
VýL

DATE 3/29/85

TEST NO. 210

RUN NO. 12

A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (ft

2 ) (Hg-mm) (dog F) ISLUG/ft
3
) (ft/2) C

12 .0184 .0023224 755.3 61 .002353 87.4 .88159

COMMENTS: LIFT'S OFF FLOATING FLAT. THEN ROTATES AROUND ALL 3 AXES

FIGURE C-12. TEST RECORD FOR FRAGMENT NO. 12

C-9



NSWC TR 87-89

T 
L

W

DATE 3/29/85

TEST NO. 210 1 L2
RUN NO. 13

A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (ft2) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/s)

13 .01868 00196 755.3 61 .002353 98.7 .83156

COMMENTS: ROTATES AROUND LAND W - GOES FLAT AND THEN TUMBLES

FIGURE C-13. TEST RECORD FOR FRAGMENT NO. 13

T L

-W
6

A

A B

DATE 3/29/85

TEST NO. 210

RUN NO. 14

A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (0b) (ft

2 ) (Hg-mm) (dog F) (SLUG/ft3) (ft/l)

14 .01898 .00236 755.4 61 .002364 84.2 .96379

COMMENTS: ROTATES AROUND L TO START AND THEN TUMBLES

FIGURE C-14. TEST RECORD FOR FRAGMENT NO. 14

C-1O



NSWC TR 87-89

T L

DATE 3/29/85

TEST NO. 210 c z
RUN NO. 15 A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (1t

2
) (Hg-mm) (deg F) (SLUG/ft3) (ft/s)

15 .01936 .002373 755.4 61 .002354 84.2 .97770

COMMENTS: ROTATES IN L AXIS THEN W

FIGURE C-15. TEST RECORD FOR FRAGMENT NO. 15

T L

W

A

A

DATE 3/29/85 B

TEST NO. 210

RUN NO. 18 A-A 9-B

I FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY C.
NUMBER (Ib) (ft2

) (Hg-mm) (deg F) (SLUG/ft
3
) (it'S)

16 .02144 .002918 755.4 61 .002354 81 .95146

COMMENTS: ROTATES AROUND L AND T

FIGURE C-16. TEST RECORD FOR FRAGMENT NO. 16

C-I1



NSWC TR 87-89

T L

* W

A

A

DATE 3/29/85

TEST NO. 210

RUN NO. 17 A-A S-8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (ft1) (Hg-mm) (dog F) (SLUG/ft

3 ) (ft/) CO

17 .02221 .002649 755.4 64 .002340 87.4 .93812

COMMENTS: STARTS OFF AROUND THE L AXIS THEN TUMBLES

FIGURE C-i?. TEST RECORD FOR FRAGMENT NO. 17

TL

Vr' W
B

A

AV

DATE 3/29/85

TEST NO. 210

RUN NO. IS A-A S-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY

NUMBER (Ib) Ift (Hg-mm) (dog F) (SLUG/ft 3
) (ft/8)

18 .02266 .002638 765.4 64 .002340 93.8 .834"

COMMENTS: STARTS OF ROTATING AROUND W AND THEN TUMBLES

FIGURE C-18. TEST RECORD FOR FRAGMENT NO. 18

C-12



NSWC TR 87-89

T L

SW

Aw

B

DATE 3/29/as

TEST NO, 210
A-A B-B

RUN NO. 19

FRAGMENT WEIGHT AREA PRESS TEMP (DENSITY VELOCITY CD
NUMBER (Ib) (ft') (Hg-mm) (deg F) (SLUG/ft

3
) (h/s)

19 ,02301 .00248 765 66 .002330 81 1.21386

COMMENTS: FLAT SPIN AROUND T

FIGURE C-19. TEST RECORD FOR FRAGMENT NO. 19

W

DATE 3/29/85

TEST NO. 210

RUN NO. 20 A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (jt2

) (Hg-mm) (dog F) (SLUG/ft3
) (ft/i)

20 .02846 .003043 755 67 .002325 74.6 1.29326

COMMENTS: FLAT ROTATION

FIGURE C-20. TEST RECORD FOR FRAGMENT NO. 20

C-13



NSWC TR 87-89

T L

W

A

fA

DATE 3/29/B8

TEST NO. 210

A-A B-B
RUN NO. 21

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY '40LOCITY Co
NUMBER (Ib) (Mt

2
) (Hg-mm) (dog F) (SLUG/ft 3

) (11/i

21 .02693 .00331 765 67 .002325 71.3 1.37669

COMMENTS: FLAT SPIN AND TUMBLE

FIGURE C-21. TEST RECORD FOR FRAGMENT NO. 21

T L

W

DATE 3/29/85

TEST NO. 210

RUN NO. 22 A-A 8-8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY

NUMBER (Ib) (It2) (Hg-mm) J deg F) (SLUG/ft
3 ) (It/3) CO

22 .0291 .00380 755 67 .002325 74,6 1.18369

COMMENTS: STARTS ROTATING AROUND L THEN T AND W

FIGURE C-22. TEST RECORD FOR FRAGMENT NO. 22

C-14



NSWC TR 87-89

T L

W

DATE 3/29/S5

TEST NO. 210

RUN NO. 23 A-A S-U

FRAGMENT WEIGHT AREA PRESS TEMP DEI)SITY VELOCITY CO
NUMBER (Ib) (ft2) (Hg-nm) (deg F) (SLUG/ft

3
} ft/a)

23 .03054 .00316 755 67 .002326 90.6 1.01804

COMMENTS: ROTATES AROUND T THEN L

FIGURE C-23. TEST RECORD FOR FRAGMENT NO. 23

T L

W

DATE 3/29/85

TEST NO. 210 e• :
RUN NO. 24 A-A S-0

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (fta) (Hg-mm) (dog F) (SLUG/ft

3) (f/a) CO

24 .03066 .00320 765 68 .002321 74.6 1.48354

COMMENTS: ROTATES AROUND T TO START IN A FLAT SPIN

FIGURE C-24. TEST RECORD FOR FRAGMENT NO. 24

C-15



NSWC TR 87-89

T L

w

DATE 3/29/as

TEST NO. 210

RUN NO. 25 A-A 8-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER b1 ( (Hs-mm) (deg F) (SLUG/ft~I Ih/al

26 .03377 0036779 71675.2 1 66 002331 77.9 1.30155

COMMENTS: FLAT ROTATION AROUND T

FIGURE C-25. TEST RECORD FOR FRAGMENT NO. 25

T L

UW

A

AT

DATE 3/29/85

TEST NO. 210

RUN NO. 26 A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (do(Hg-mm) (dog F) (SLUG/ft

3
) (ft/sI C

26 1 0342 .00376 765.1 66 .002330 81 1.18999

COMMENTS: FLAT SPIN AROUND T AND ALSO ROTATES AROUND THE L AXIS

FIGURE C-26. TEST RECORD FOR FRAGMENT NO. 26

C-16



NSWC TR 87-89

T L

W

A

DATE 3/29/8s

TEST NO. 210 . -z

RUN NO. 27 A-A 11-11

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER Ib) (fl (Hg-mm) (dog F) (SLUG/ft,) (ft/2)

27 .03411 .00377 755.1 66 .002330 $3.8 .89304

COMMENTS: ROTATES AROUND ALL 3 AXES

FIGURE C-27. TEST RECORD FOR FRAGMENT NO. 27

T L

W

DATE 3/29/85

TEST NO. 210

RUN NO. 28 A-A 3-4

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD

NUMBER a Ib) Ift2 ) (Hg-mm) (del F) (SLUG/ft 3
) (ft/) I

28 .03497 .0037161 765.1 66 .002330 77.8 1.33452

COMMENTS: FLAT SPINNING AROUND T

FIGURE C-28. TEST RECORD FOR FRAGMENT NO. 28

C-17



NSWC TR 87-89

T L

W

A

A

DATE 3/29/B5

TEST NO. 210

RUN NO. 29 A3A 9-9

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CO
NUMBER I Ia) (NHr.mm) (d" F) ISLUG/'$31 Ift/8)

29 .03553 .00362 75e.5 67 .002317 03.8 .9S877

COMMENTS: ROTATES AROUND T AND L

FIGURE C-29. TEST RECORD FOR FRAGMENT NO. 29

T L

W

DATE 3/29/86

TEST NO. 210

RUN NO, 30 A-A .- 6

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (Wt) (Hg.mm) (d" F) ISLUG/ft0) It/a

30 03644 .00357 755.5 67 .002327 64.2 1.23743

COMMENTS: ROTATES AROUND T AND L

FIGURE C-30. TEST RECORD FOR FRAGMENT NO. 30

C-18



NSWC TR 87-89

T L.C
W

DATE 3/29/4S

".ESTNO, 210

RUN NO. 31 A-A r-r

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (hI) (Hg-mm) (deg F) (SLUG/ft

3
) (h/8)

31 .03341 ,00322 716 S ..002324 103.5 -96130

COMMENTS: ROTATES AROUND T AND L

FIGURE C-31. TEST RECORD FOR FRAGMENT NO. 31

T L

-W

A

DATE 3/29/8 B

TEST NO, 210
A-A

RUN NO. 32 r-r

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CO
NUMBER (Ib) (ha) (Hg-mm) (dog F) (SLUG/ft 3

) (ft/s)

32 .03963 .00432 756 6a .002324 93.8 .89728

COMMENTS: ROTATES AROUND T AND L

FIGURE C-32. TEST RECORD FOR FRAGMENT NO, 32

C-19



NSWC TR 87-89

T I.

iý/
W

DATE 3/29/US7 
A

TEST NO. 210

RUN NO. 33 A-A U.S

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY Co
NUMBER (Ib) l't) (Hg-mm) (deg F) (SLUG/t3l) (fth/)

33 .04003 .00333 1 70415 9 003181 1o0.s -41074

COMMENTS: ROTATES AROUND T AND L

FIGURE C-33. TEST RECORD FOR FRAGMENT NO. 33

T L

lit W

A

DATE 3/29/US

TEST NO. 210

RUN NO. 34 A-A 8.5

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY cD
NUMBER (Ib) (flu) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/) co

34 .04161 .00423 755.5 69 .002319 81 1.21299

COMMENTS: ROTATES AROUND ALL 3 AXES

FIGURE C-34. TEST RECORD FOR FRAGMENT NO. 34

C-20



NSWC TR 87-89

T. L

W

DATE 3/29/86

TEST NO, 210

RUN NO, 3" -51

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY

NUMBER (WI (ft) (Hg-ram) Idle F) (SLUG/h
3 ) (C/O)

35 .04328 .00471 755,55 S .00318 100.3 .78774

COMMENTS: STARTED OFF ROTATING AROUND L AND THEN WENT INTO ALL 3

FIGURE C-35. TEST RECORD FOR FRAGMENT NO. 35

TL

W

*DATE 3/29/S5

TEST NO. 210

RUN NO. 36 A-A

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY I VELOCITY Co
NUMBER jib) (Iftl) (No-) (deg F) (SLUG/ft

3) (h/8) C

36 .04354 .00427 755.5 71 .002309 67.4 1.15517

COMMENTS: ROTA TES AROUND T AND L

FIGURE C-36. TEST RECORD FOR FRAGMENT NO. 36

C.21



NSWC TR 87-89

TL

DATE 3/29/85

TEST NO. 210

RUN NO. 37 A- -B.
A-ABB

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER 'Ib) (ft

2
) (Hg-mm) (dog F) (SLUG/ft3

) (ft/s) C:

37 .0442 .00422 755.5 71 .002309 97.1 .96223

COMMENTS: FLAT SPIN AND AROUND L

FIGURE C-37. TEST RECORD FOR FRAGMENT NO. 37

TL

• • W

A

DATE 3/29/85

TEST NO. 210 '

RUN NO. 38 A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (ft

2
) iHg.mm) (dog F) (SLUG/ft 3

) (ft/al C

38 .04473 .00381 755.5 71 j .002309 101.9 .97934

COMMENTS: FLAT SPIN AND ROTATES AROUND L

FIGURE C-38. TEST RECORD FOR FRAGMENT NO. 38

C-22



NSWC TR 87-89

T L

w

DATE 3/29/85

TEST NO. 210

B-8
RUN NO. 39 A-A

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (ft

2
) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/a)

39 .04627 .00495 755 72 .002304 97.1 .86060

COMMENTS: ROTATES AROUND ALL AXES

FIGURE C-39. TEST RECORD FOR FRAGMENT NO. 39

T L

W

A

DATE 3/29/85AT 

I

TEST NO. 210

RUN NO. 40 A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (jt

2
) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/a)

40 .04653 .00434 755 72 .002304 106.7 .81745

COMMENTS: ROTATES AROUND T AND LAND THEN CONING

FIGURE C-40. TEST RECORD FOR FRAGMENT NO. 40

C-23



NSWC TR 87-89

T* L

BW

* T
A A

DATE 3/29/85

TEST NO. 210

RUN NO. 41

A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY

NUMBER (Ih) Ift
2
) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/) CD

41 .0476 .00401 755 72 .002304 116.4 .76050

COMMENTS: ROTATES AROUND T, SPINS LIKE A TOP EITHER AS SHOWN OR INVERTED

FIGURE C-41. TEST RECORD FOR FRAGMENT NO. 41

T L

WA

DATE 3/29/85

TEST NO. 210

RUN NO. 42 A-A

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY D
NUMBER (Ib) (ft

2
) (Hg-mm) (dog F) (SLUG/ft

3) (ft/s)

42 .04797 .00449 755 72.5 .002301 97.1 9 &-

COMMENTS: ROTATES AROUND T AND LAND CONING

FIGURE C-42. TEST RECORD FOR FRAGMENT NO. 42

C-24



NSWC TR 87-89

T L

S

A

DATE 3/29/85 A

TEST NO. 210

RUN NO. 43

A-A B-0

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (ft 2

) (Hg-mm) (dog F) (SLUG/ft3 ) (11/8)

43 .0604 .00705 755 74 .002295 81 .94955

COMMENTS: ROTATES AROUND ALL 3 AXES - CHANGES FROM ONE TO ANOTHER WHEN IT CONTACTS THE

FIGURE C-43. TEST RECORD FOR FRAGMENT NO. 43

TL

LW

A

A B

DATE 3/29/85

TEST NO. 210

RUN NO. 44

A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER fib) (ft

2 ) (Hg-mm) (dog F) (SLUG/ft
3

) (ft/a) D

44 .05057 .00383 755 74 ,002295 126 .72477

COMMENTS: ACTS LIKE FRAGMENT NO. 3 (CUBE) ROTATES AROUND ALL 3

FIGURE C-44. TEST RECORD FOR FRAGMENT NO. 44

C-25



NSWC TR 87-89

-1 L

Bw

DATE 3/29/85

TEST NO. 210

RUN NO. 4 A-A .

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (l (Hg.mm) (dog F) (SLUG/ft

3 ) (ft/I)

45 .0507 .00409 755 74 .002295 116.4 .79731

COMMENTS: ROTATES AROUND T AND L

FIGURE C-45. TEST RECORD FOR FRAGMENT NO. 45

TL

/,/a 9L
W

DATE 3/29/85

TEST NO. 210

RUN NO. 46 L..s
A-A

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER fib) (0t

3
) Hg-mrm ) (dog F) (SLUG/ft

3
) (Ct/$)

46 .05113 .00443 755 74 .002295 109.9 .83277

COMMENTS: ROTATES AROUND L

FIGURE C-46. TEST RECORD FOR FRAGMENT NO. 46

C-26



NSWC TR 87-89

T L

w

,A /

DATE 3/29/85

TEST NO. 210

RUN NO. 47 A-A
B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (ft2) (Hg-mm) (deg F) (SLUG/ft

3) (ft/a)

47 .05131 .00439 755 74 .002295 108.3 .86842

COMMENTS: FLAT SPIN AROUND T. THEN TUMBLES

FIGURE C-47. TEST RECORD FOR FRAGMENT NO. 47

w

MAX

A TM

DATE 3/29/85

TEST NO. 210

RUN NO. 48
A-A B-8

FRAGMENT I WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (f•) (Hg-mm) (dog F) (SLUG/ft3

) Ift/s 1 C 1

48 .05146 .00471 755.2 74 .002296 95.5 1.04362

COMMENTS: ROTATES AROUND T

FIGURE C-48. TEST RECORD FOR FRAGMENT NO. 48

C-27



NSWC TR 87-89

T L

W

DATE 3/29/85

TEST NO. 210

RUN NO. 49
A-A B-8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) W) (Hg-mm) (dog F) (SLUG/ft

3
) (h/8) CD

49 .0629 .00442 755.2 74 .002296 96.6 1.14310

COMMENTS: ROLLS. TUMBLES - ALL AXES

FIGURE C-49. TEST RECORD FOR FRAGMENT NO. 49

T L

W

DATE 3/29/85 

T 
AB

TEST NO, 210

RUN NO. 50 A-A B-S

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (ht2) (Hg.mm) (dog F) (SLUG/ft

3 ) (ft/8)

50 .05454 .00442 755.2 75 .002291 98.7 1,10577

COMMENTS: ROTATES AROUND T - FLAT SPIN

FIGURE C-50. TEST RECORD FOR FRAGMENT NO. 50

C-28



NSWC TR 87-89

T L

w

DATE 4/1/85

TEST NO. 210

RUN NO. El

A-A r-a

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CO
NUM BER (Ib) (ft 2

) (Hg-mm) (dog F) (SLUG/ft3 ) (ft/ 8)

51 .06574 .00343 762.6 54 .002376 90.6 1.06208

COMMENTS: ROTATES AROUND L AND W AND CONING

FIGURE C-51. TEST RECORD FOR FRAGMENT NO. 51

W

DATE 4/1/86

TEST NO. 210 -

RUN NO. 52
A-A a-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VFLOCITY co
NUMBER (lb) (W) (Hg-mm) (dog F) (SLUG/fth) (fth/I

52 .05619 .00632 762.6 54 .002376 87.4 1.16388

COMMENTS: FLAT SPIN

FIGURE C-52. TEST RECORD FOR FRAGMENT NO. 52

C-29



NSWC TR 87-89

T L

W

A

7~AfB

DATE 4/1/885

TEST NO. 210

RUN NO. 53
A.A B-B

FRAGMENT WAEIGHT AREA PRESS TEMP I DENSITY I VELOCITY I CD
NUMBER (Ib) (ft1) (Hg-mm) (dog F) (SLUG/ft 3I (f/.)

[ 3 ,0s644 .00520 752.8 54 ,002376 109.8 .75644

COMMENTS: ROTAIES AROUND ALL AXES AND TUMBLES

FIGURE C-53. TEST RECORD FOR FRAGMENT NO. 53

T weL

W

DATE 4/1/85

TEST NO. 210

RUN NO. 54
A-A B-B

I FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (ft

2
) (Hg-mm) (dog F) (SLUG/It

3
) (ft/,) CD

54 .0578 .00667 752.8 54 .002376 81 1.11177

COMMENTS: FLUTTERS LIKE A FALLING LEAF

FIGURE C-54. TEST RECORD FOR FRAGMENT NO. 54

C-30



NSWC TR 87-89

T L

W

DATE 4/1/US

TEST NO. 210

RUN NO, 55
A-A 

-S-

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (ftz) (Hg-mm) (dog F) (SLUG/ft

3 ) (ft/)o

s5 .06181 .00588 752,6 54 .002376 100.3 .,87956

COMMENTS: ALL AXES - TUMBLES

FIGURE C-55. TEST RECORD FOR FRAGMENT NO. 55

T L

W

DATE 4/1/85

TEST NO. 210

RUN NO. 56 A-A 8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY C
NUMBER (Ib) (ftW) (Hg-mm) (dog F) (SLUG/ft

3
) (Ift')

56 .06513 .00649 752.5 54 .002376 90.6 1.02911

COMMENTS: ROTATES AROUND L AND FLOATS MOTIONLESS

FIGURE C-56. TEST RECORD FOR FRAGMENT NO. 56
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NSWC TR 87-89

T L

9W

DATE 4/1/85

TEST NO, 210

RUN NO. 57
A-A 3-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CO
NUMBER (Ib) (ft•| (Hg-mm) Ide F) (SLUG/h

3
) (fi/a)

57 ,06696 ,00510 752.5 64 .002376 116.0 .781116

COMMENTS: ROTATES AROUND L AND W AND TUMBLES

FIGURE C-57. TEST RECORD FOR FRAGMENT NO. 57

T L

DATE 4/1/85

TEST NO. 210

RUN NO. 58 A-A B-B

FRAGMENT WEIGHr AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) Ift1 (Hg-mm) (dog F) (SLUG/ft

3
) (ft/a)

68 .0664 .00607 762.5 54 .002376 90.6 1.12178

COMMENTS: WITH THE FLAT SIDE DOWN AS SHOWN IN A-A - THE FRAG FLOATS. WITH THE FLAT SIDE UP
(OR ON TOP) THE FRAG DOES A FLAT SPIN

FIGURE C-58. TEST RECORD FOR FRAGMENT NO. 58
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NSWC TR 87-89

T L

-W

DATE 4/1/85 
7A 

a

TEST NO. 210

RUNNO. 69 A-A 1-1

FRAGMENTI WEIGHT AREA I PRESS TEMP DENSITY VELOCITY co
NUMBER (Ib) (ftc) (Hg-mm) (dog F) (SLUG/ft 3

I (h/sC

59 .06903 .00642 712.5 54 .002376 93.8 1.02860

COMMENTS: ROTATES AROUND T AND L AND FLAT SPIN

FIGURE C-59. TEST RECORD FOR FRAGMENT NO. 59

T L

ii' W

A

;7~A

DATE 4/1/85

TEST NO. 210

RUN NO. 60 A-A

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY Co
NUMBER (b) (ft

3
) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/s)

60 .06916 .00507 752.5 54 .002376 113.1 .8976

COMMENTS: ROTATES AROUND T - FLAT SPIN

FIG'URE C-60. TEST RECORD FOR FRAGMENT NO. 60
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NSWC TR 87-89

T L

ii' W

A

DATE 4/1/8B A a

TEST NO. 210

RUN NO. 61
A-A l-8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER (Ib) (h

3
) (Hg-mm) (din F) (SLUG/ft

3
) (h/8)

61 -06913 .00716 752-5 S 5 .002372 92.2 .96319

COMMENTS: ROTATES AROUND ALL 3 AXES AND FLAT

FIGURE C-61. TEST RECORD FOR FRAGMENT NO. 61

T L

BW

DATE 4/1/SB

TEST NO, 210

RIUN NO. 62 A-A S-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY, VELOCITY
NUMBER (1b ftt:) (Hg-mm) (d eg F) (SLUGft

3 ) (Ift / C)

62 .0699 .00597 752.5 55 .002372 116.4 .72864

COMMENTS: ROTATES AROUND L AND GOOD TUMBLE

FIGURE C-62. TEST RECORD FOR FRAGMENT NO. 62
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T L

W

DATE 4/1/16

TEST NO. 210

RUN NO, 63

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY co

NUMBER lb) (ttc) (Hg-mm) (dug F) (SLUG/ft,) (f/a)

S3 ,07013 ,00643_ 752.5 55 .002372 103.S ,S5647

COMMENTS: FLAT SPIN OR TUMBLE

FIGURE C-63. TEST RECORD FOR FRAGMENT NO. 63

T

W

DATE 4/1/85

TEST NO. 210

RUN NO. 64

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (ft

2
) (Hg-mm) (dog F) (SLUG/ft 3

) (ft/s)

64 07073 ,00797 752.5 565 .002372 92.2 .88024

COMMENTS: WILL FLOAT OR TUMBLE

FIGURE C-64. TEST RECORD FOR FRAGMENT NO. 64
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T L

w

iA

DATE 4/1/85

TEST NO. 210

RLUN N3. 05 A-A

FAAGMENT WEIGHT AREA PRESS TEM DENSITY VELOCITY

ISJMBER fIb) (ft
2
) (Hg-mm) (dog F) (SLUG/ft3) (ft/s)

65 .07214 .00552 752.5 55 .002372 113., 441

COMMENTS: WILL FLGAT MOTIONLESS OR TUMBLE

FIGURE C-65. TEST RECORD FOR FRAGMENT NO. 65

T L

A B

X ',, N "//8A
/ ",A \,/'

DATE 4/1/85

TEST NO. 210

RUN NO. 66 A-A -

FRAGMENT WEIGHT AREA PRESS 1 TEMP DENSITY VELOCITY CD1
NUMBER (lb) (ft2) (Hg-mmrn (dgF) j LUG (ft/s)

66 .07423 .00568 752.5 67 10013 .06031j

COMMENTS: FLOAT - SLOW OR NO ROTATION AROUND THE T AXIS

FIGURE C-66. TEST RECORD FOR FRAGMENT NO. 66
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TL

6

A

DATE 4/1 85 W

TEST NO. 21u

RUN NO. 67
A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER 0Ib) Wh;) (Hg-mm) (dog F) (SLUG/ft3) (ft/8) CD

67 .07599 .0067382 752.5 J 56 .002367 101.9 .91769

COMMENTS: FLAT SPIN OR WILL FLOAT

FIGURE C-67. TEST RECORD FOR FRAGMENT NO. 67

T W. L

A A B

DATE 

4/1/85

TEST NO, 210

RUN NO. 68 A-A
B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (ft

2
) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/sa)

68 .07827 .00595 752.3 15 .002357 109.9 .92417

COMMENTS: WILL FLOAT MOTIONLESS OR GO INTO A FLAT SPIN

FIGURE C-68. TEST RECORD FOR FRAGMENT NO. 68
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TW

A

DATE 4/1/85
TEST NO. 210 KI

RUN NO. 69 A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CO
NUMBER (Ib) (ft2) (Hg-mm) (dog F) (SLUG/ft1) (ft/)

69 .07946 .00639 752.3d 58 .002357 109.9 .87362

COMMENTS: WILL TUMBLE AND CONING AROUND L AXIS

FIGURE C-69. TEST RECORD FOR FRAGMENT NO. 69

T L

B W

A

A
B

DATE 4/1/85

TEST NO. 210

RUN NO. 70 A-A B-B

-FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER Ib) (ftb) (Hg.mm) (dog F) (SLUG/ft3

) (ft/I ) D

70 .08017 .00521 762.3 .8 .002357 135.6 .71011

COMMENTS: ROTATES AROUND L AXIS AND TUMBLES

FIGURE C-70. TEST RECORD FOR FRAGMENT NO. 70
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T* L

WA

DATE 4/1/85

TEST NO. 210 A23A

RUN NO. 71 A-A

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) fl2 (Hg-mm) (dog F) (SLUG/ft3) (ft/2)

71 .08891 .00800 752.3 e8 .002357 97.1 .97771

COMMENTS: ROTATES AROUND L AXIS AND CONING

FIGURE C-71. TEST RECORD FOR FRAGMENT NO. 71

T W

DATE 4/1/85 A

TEST NO. 210

RUN NO. 72 C .
A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY Co
NUMBER (Ib) (ft2) (HgNmm) (dog F) (SLUG/ft

3  (ft/s)

72 .0931 .00876 752.3 ISO .002357 98.7 .92572

COMMENTS: FLOATS MOTIONLESS, ROTATES AROUND L AXIS AND TUMBLES

FIGURE C-72. TEST RECORD FOR FRAGMENT NO. 72
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T L

DATE 4/1/85

RUN NO. 73

A-A 8-4

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (1b) (Wtr) (Hg-mm) (dog F) (SLUG/ft

3
) (h/s) CD

73 .09363 .00738 762.2 57 .002362 113.1 .83981

COMMENTS: FLAT SPIN AND FLOATS MOTIONLESS

FIGURE C-73. TEST RECORD FOR FRAGMENT NO. 73

T L

8}

DATE 4/1/85

TEST NO. 210

RUN NO. 74

A-A 8.8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (It

2
) (Hg-mm) (dog F) (SLUG/ft 3

) (ft/s)

74 .09371 .00701 762.2 87 .002362 114.7 .86038

COMMENTS: ROTATES AROUND L AND WILL TUMBLE

FIGURE C-74. TEST RECORD FOR FRAGMENT NO. 74
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T L

W

DATE 4/1/95

TEST NO. 210

RUN NO. 75 A-AB-

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) Mt

2) (Hg-mm) (dog F) (SLUG/ft
3) (ft/$) Co

75 .0955 .00764 752.2 57 .002362 103.5 .9880o

COMMENTS: LITTLE BIT OF EVERYTHING - ROLL. TUMBLE. CONE

FIGURE C-75. TEST RECORD FOR FRAGMENT NO. 75

W

DATE 4/1/95 5A

TEST NO. 210

RUN NO. 76 A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (ft2) (Hg-mm) (dog F) (SLUG/ft

3) (ft/s) CD

76 .10198 .00792 751.4 50 .002392 113.1 .84165

COMMENTS: ROTATES AND TUMBLES IN ALL DIRECTIONS

FIGURE C-76. TEST RECORD FOR FRAGMENT NO. 76
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T L

WA

DATE 4/1/85 AW

TEST NO. 210

RUN NO. 77 A-A B-B

FRAGMENT WEIGHT AREA PRESS TEMP (DENSITY VELOCITY CD
NUMBER (Ib) Ifta) (Hg-mrn) (dog F) (SLUG/ft

3 ) (ft/s)

77 .10273 .00810 751.4 50 .002392 80.6 1.291151

COMMENTS: FLAT SPIN (LIKE A PROPELLER) WILL ROTATE AROUND THE L AXIS ALSO

FIGURE C-77. TEST RECORD FOR FRAGMENT NO. 77

T L

DATE 4/1/85
TEST NO. 210

RUN NO. 78 A-A

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (ft2) (Hg-mm) (dog F) (SLUG/ft

3
) (ft/a) CD

78 .10957 .00899 751.4 50 .002392 106.7 .1953

COMMENTS: ROTATES AROUND ALL 3 AXES AND CONING

FIGURE C-78. TEST RECORD FOR FRAGMENT NO. 78
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T L

w

DATE 4/1/85A

TEST NO. 210 A-A S-B

RUN NO. 79

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY Co

NUMBER (b) (tt•) (Hg-mm) (dog F) (SLUG/ft
3
) (ft/a)

79 .11096 .0901 751 54 .002372 89 1.31092

COMMENTS: FLAT SPIN AROUND T

FIGURE C-79. TEST RECORD FOR FRAGMENT NO. 79

T L

DATE 
4/l/8% 

W

TEST NO. 210

RUN NO. 80 A-A r-a

,FRAGMENT WEIGHT AREA PRESS TEMPj DENSITY VELOCITY C

NUMBER (Ib) (ftW) (Mg-mm) TEM(dol (SLUG/ft3) IWO(to

80 .111 .00860 751 54 .002372 106.7 .95890

COMMENTS: ROTATES AROUND L AND T

FIGURE C-80. TEST RECORD FOR FRAGMENT NO. 80
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T L

B

DATE 4/1/85 A

TEST NO. 210

RUN NO. 81 A-A B-8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (Ift

2
) (Hg-mm) (dog F) (SLOG/1t

3 ) (h/i)

Il .11174 .00834 751 54 .002372 106.7 .99227

COMMENTS: FLAT SPIN AROUND T

FIGURE C-81. TEST RECORD FOR FRAGMENT NO. 81

DATE 4/1/857 A/

TEST NO. 210

RUN NO. 82 A-A B-0

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) Itt2 ) (Hg-mm) (dog F) (SLUG/ft3) Ift/t)ol

82 .11497 .00753 750.6 .4 .002370 126.0 ,811S8

COMMENTS: TUMBLES AROUND ALL AXES

FIGURE C-82. TEST RECORD FOR FRAGMENT NO. 82

C-44



NSWC TR 87-89

DATE 4/1/85

TEST NO. 210

RUN NO. 83 A-A E-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CONUMBER (Ib) (ft'a (HQI-mmi (dog F) (SLUG/ft3) It/s) C

83 .1191 .00879 750.6 54 .002370 113.1 .89383

COMMENTS: ROTATES AROUND L AND TUMBLES

FIGURE C-83. TEST RECORD FOR FRAGMENT NO. 83

L

DATE 4/1/85 A

TEST NO. 210

RUN NO. 84

B-.

FRAGMENT WEIGHT AREA PRESS TEMP (DENSITY VELOCITY CD
NUMBER (Ib) (ftW) (Hg-mm) (dog F) (SLUG/ft

3
) t/) C

84 .12376 .00976 750.6 54 .002370 103.5 .89924

COMMENTS: LOOKED LIKE A FLOATING LEAF TO START AND THEN WENT INTO A FLAT SPIN

FIGURE C-84. TEST RECORD FOR FRAGMENT NO. 84
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A-A
DATE 4/1,/85

TEST NO. 210

RUN NO. SB

IFRAGMENT WEIGHT AREA PRESS I TEMFP DENSITY VELOCITY I co
NUMBE jib) tf.1 (N-mm) (dog F) (SLUG/ft3 l If/a

85 .2311_ 40133409 750.5 53 .0023715 1122.81 .257

COMMENTS: ROTATES AROUND L AND A FLAT SPIN

*FRAGMENT INFORMATION FOR NUMBERS 55 THRU SO WAS TAKEN FROM TABLE A-2

FIGURE C-85. TEST RECORD FOR FRAGMENT NO. 85

A-A

DATE 4/11/85

TEST NO. 210A

RUN NO. SO Bn-B

IFRAGMENT WEIGHT IAREA PESS 1 TEMP IDENSITY VELOCITY I c
NUMBER fib) maf) (PHg-mm) j(dog F) (SLUG/ft3) (ft/s) C

Be .23583 .0170312 1 750.5 J 53 -f.002375 97.1 ý1.23674

COMMENTS: FLAT SPIN AND WOULD ALSO FLOAT MOTIONLESS

FIGURE C-86. TEST RECORD FOR FRAGMENT NO. 86
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DATE 4/1/85

TEST NO. 210

RUN NO.7 7A

FRAGMENT WEIGHT AREA PRESS TEMP DENISTY VwLocS1In
NUMBER (Ib) (fts) (Hg-mm) ) I F ILt•G/ t)l CmI

87 .2570 .0173281 750.5_ 3 .oo00237S 1131

COMMENTS: TUMBLES AND FLAT SPIN AROUND T

FIGURE C-87. TEST RECORD FOR FRAGMENT NO. 87

DATE 4/1/66

TEST NO, 210

RUN NO. ISA

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER (Ib) (ht

2
) (Hg-mm) (dog F) (SLUG/ft

3
) (It/8) CD

88 .28189 019618 760.5 54 .002370 113.1 .34784

COMMENTS: FLAT SPIN AROUND T

FIGURE C-88. TEST RECORD FOR FRAGMENT NO. 88
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A A-A

DATE 41 as a

TEST POO 210

minil #60 t30-

MIImT WEIGT AREA PRESS TEMP DENSITY VELOCITY CO
lum ON tht) I WAR)| (41" F) ($LUG/ftt: (it/8)

s .211 .013126 0.6 54 002370 151.7 .80054

C0U 6 1TATIEm AROLO T AM L

FIGURE C48. TEST RECORD FOR FRAGMENT NO. 89

TS

A T -

DATE 4/1/85

TEST NO. 210

RUN NO. 90 B-0

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER (Ib) (fti) (Hg-mm) (deg F) (SLUG/ft

3
) (ft/2)

90 .2866 .0133152 750.5 54 .002370 151.7 .78928

COMMENTS: SPIN AROUND T AND TUMBLES

FIGURE C-90. TEST RECORD FOR FRAGMENT NO. 90
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TL

A-A

DATE 4/1/85

TEST NO. 210

RUN NO. 91 A-B

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY Co
NUMBER (b) (ft2) (Hgs-mm) dog F) (SLUG/ft 3

) (fi/)

al .2908 10103263 750.0 54 .002369 116.4 .98873

COMMENTS: FLAT SPIN AND FLOATS MOTIONLESS

FIGURE C-91. TEST RECORD FOR FRAGMENT NO. 91

DATE 4/1/85

TEST NO. 210 •A

RUN NO. 92 r-B

FRAGMENT WEIGHT I AREA PRESS TEMP DENSITY( VELOCITY C.

NUMBER (ib) (ttJ (Hg-mm) (dog F) (SLUG/it
3

) (ft/r)

92 .39476 .0267458 750,0 54 .002369 93.8 1.41624

COMMENTS: GOOD FLAT SPIN AROUND T

FIGURE C-92. TEST RECORD FOR FRAGMENT NO. 92
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C MT RA A D T

;gA-A

DATE 4/1/8S

TEST NO. 210

RUN NO. 93

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CD
NUMBER (Ib) (ftN) (Hg-mm) (dog F) SLUG/ft3) 1/2)

93 .4497 .0283708 750 54 .002369 131.6 1.00647

COMMENTS: ROTATES AROUNDRT

FIGURE C-93. TEST RECORD FOR FRAGMENT NO. 93

T CL

A

DATE 4/l/85

TEST NO. 210 ii
B-B

RUN NO. 94

FRAGMENT WEIGT AREA PRESS) TEMP DENSITY VELOCITY C
NUMBER Ib) {f: H-mm) (dog F) ISLUG/ft3l (ht/a)

94 .46831 .0201888 750 54 .002369 138.9 1.01502

COMMENTS: ROTATES ANY DIRECTION AND TUMBLES

FIGURE C-94. TEST RECORD FOR FRAGMENT NO. 94
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AA A-A

A
NOT TO SCALE

A SIDE VIEW
DATE 4/1/85

TEST NO. 210
8.B

RUN NO. 95

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY I CO

NUMBER (Ib) ift) (Hg-mm) (deg Fl (SLUG/ft
3

) I/$)

95 2.22787 .0440173 750.0 54 .002369 293.2 .49706

COMMENTS: THIS FRAGMENT WOULD FLOAT MOTIONLESS

FIGURE C-95. TEST RECORD FOR FRAGMENT NO. 95

A-A

DATE 4 1 AS

TES N. 21no . j.
RUN NO. 96A B8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY CO

NUMBER (lb) (ftl) (Hg-mm) (dog F) (S.UG/ft2) (ft/s)

96 3.34478 .0714333 750 54 .002369 200 .98827

COMMENTS: ROTATES AROUND T AXIS

FIGURE C-96. TEST RECORD FOR FRAGMENT NO. 96
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CATEGORIES OF FRAGMENT MOTION
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The fragment motions in the wind tunnel given in the COMMENTS of test. records of Appendix C were
divided in eight categories in an attempt at ft~rther correlation with the drag coefficients. The eight
categories together with their associated fragment i are given in Figures D-lI through D-8.

The eight categories are listed as follows:

I1. Random Tumbling,
2. Floats Motionless,
3. Flat Rotation,
4. Rtutates about L & T axes,
5. Rotates about L & W axes,
6. Rotates around T axis,
7. Rotates around the L axes,
8. Coning

The L, W and T axes a~re those given in the test records of Appendix C. When two axes are givpn for the
motion, the fragments will rotate about either at different times. The difference between flat rotation and
rotates around the T axis is that rotation around the T axis involves much more wobble than flat rotation.
Flat rotation is also about the T axis.

Coning can be explained by imagining a thin rod held fixed at its center. One end of the rod is then moved
to describe a circle such that the half rod length sweeps out a cone with apex at the fixed center. As a result
the other half of the rod also sweeps out a cone with its apex also at the fixed center. Viewed from the side, it
would appear to be something like a bow tie.

Below each fragment plan view, there are two numbers. The first is the fragment number given in
Appendix C; second, in parenthesis, is the low subsonic drag coefficient obtained from the vertical wind
tunnel tests.

This appendix, together with Appendixes A, B and C give a good idea of both the shape and size of the
fragments.
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441 4.1661lIl 114.76: 11|.Il1 134,I3) 144,N|

I 474 .7 1 4 41 14 M .

574.9 421,731 SW4AMI ~ 701.71)

FIGURE D-1. RANDOM TUMBLING

00 (jC

Wi, ,4.4,10a.

0 1 • ICW13S

FIGURE D-1. RANDOM TUMBLING (Continued)
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61611.031

6611.241

054.50)*1j~gS) .1O1

FIGURE D-2. FLOATS MOTIONLESS

2011.29) 2401.481

5211.161 5011.12)61 6

671.92)

84(1 00)

0 l WCHER

FIGL RE D-3. FLAT ROTATION
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II2341 ý021 234.304 30411241 324.901

414.101 >

31l1 .16i 4! 0)

$901.031

0 1 3WEICH6S

FIGURE D-4. ROTATES ABOUT THE L AND T AXIS

711-06) 109115(981

0 1 I UColW

FIGURE D-5. ROTATES ABOUT THE L AND W AXIS
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mult .aI

FIGURE M-6. ROTATES AROUND THE T-AXIS

IS8th11.33 30 414-7614 E(

041,04

sm,•-9011,Nl

FIGURE D-6. ROTATES AROUND THE T-AXIS (Continued)
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MI• lei 3196 349 40iH ei

liii 34 814 b31

FIGURE D-7. ROTATESAROUND THE L-AXIS

1 41 41111 911131

S1141 041 9L. E

FIGURE D-8. CONING
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